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PREFACE. 



By F. L. Ransome. 



Yerington is one of the smaller and less pro- 
ductive copper districts of the West, its entire 
output from the beginning of mining operations 
being less than a third of the annual output of 
the mines at Bisbee, Ariz. Nevertheless, its de- 
posits are exceptionally interesting to the stu- 
dent of ore deposition and differ from those of 
the larger and more productive districts of Utah, 
Nevada, New Mexico, and Arizona in being of 
contact-metamorphic origin and only slightly 
modified by enrichment. 

The relation of ore deposition to contact- 
metamorphic action has been discussed by Mr. 
Knopf in a keen and suggestive way. He 
shows that in this district, probably in early 
Cretaceous time, there were two plutonic intru- 
sions, the first of granodiorite and the second 
of quartz monzonite. These intrusions effected 
intense contact metamorphism of the invaded 
rocks, both igneous and sedimentary. A nota- 
ble contribution in the report is the recognition 
of a time interval, marked by dike intrusions 
and fissuring, between this first metamorphism 
and the ore deposition, which nevertheless took 
place at high temperatures and was accompa- 
nied by the formation of garnet and other sili- 
cates characteristic of contact metamorphism 
of the pnemnatolytic type. It is clearly shown 
that much iron and silica were introduced into 
the limestones during the first metamorphism 
and that some of these same constituents and 
large quantities of copper and sulphur were 
added during ore deposition. 



The fact that many of the ore bodies are not 
actually at the contacts between the plutonio 
rocks and the invaded rocks leads to an inter- 
esting discussion of the essential characteristics 
of contact-metamorphic deposits. The conclu- 
sion is reached that mineral composition and 
associations are of more weight than mere prox- 
imity in determining the classification of a 
deposit. 

In describing the relation of enrichment to 
the adjacent limestone in the Ludwig mine 
Mr. Knopf makes the important suggestion 
that supergene sulphide enrichment is likely to 
be an extremely wasteful process. This con- 
clusion, which accords with that presented in 
my own paper on the copper deposits of the 
Ray and Miami districts, Ariz.,^ indicates that 
estimates of the thickness of rock eroded from 
above an ore body in the course of enrichmenty 
based on a comparison between the copper 
contents of protore and ore, may be far imder 
the mark. 

It is impracticable in a brief preface to call 
attention to all the interesting features in the 
following pages. The report is an excellent 
example of a well-balanced, thorough study 
of a small mining district, in which the essen- 
tial facts have been discriminatingly observed, 
the conclusions ably drawn, and the whole 
presented without superfluous or unrelated 
detail. 

i U. 8. OeoL Survey Prof. Paper US (in preparatton). 



OUTLINE OF REPORT, 



The Yermgton district, which next to Ely is 
Nevada's most productive copper' districti is in 
the west-central part of the State, 50 miles 
southeast of Reno . Before 1 9 1 2 it did not pro- 
duce largely, but since then, to the end of 1917, 
it has produced 61,200,000 pounds of copper. 

The rocks of the district are divided natu- 
rally into two strongly contrasted groups, sepa^- 
rated by a conspicuous xmconformity — an 
older, Mesozoic group, to which the ore deposits 
are restricted, and a younger group, consisting 
of Tertiary volcanic rocks. The oldest rocks, 
of Triassic age, comprise andesites, soda 
rhyolite-felsites, and limestone, with subordi- 
nate quartzite, shale, and gypsum. They ag- 
gr^ate at least 8,000 feet in thickness, of which 
volcanic rocks make up 3,200 feet. They were 
invaded in post-Triassic time, probably early in 
the Cretaceous, by a medium-drained basic 
granodiorite and shortly after by a coarse- 
grained, roughly porphyritic quartz monzonite. 
These intrusions intensely metamorphosed the 
rocks they invaded: they caused the andesites 
and felsites adjacent to them to recrystallize 
and converted large volumes of the limestone 
into calcium sihcate rocks, among which dense 
heavy brown gametites predominate. Prob- 
ably one-half of the Triassic area consists of 
rocks made up of garnet, woUastonite, and 
allied sihcates. After this metamorphism nu- 
merous dikes and bosses of quartz monzonite 
porphyry were injected. Faulting then en- 
sued, breaking and displacing the dikes, and 
along some of the faults formed at this time 
metalliferous solutions rose and produced the 
copper deposits to which the district owes its 
economic importance. 

The Tertiary rocks rest with marked uncon- 
formity on the Mesozoic rocks. They are domi- 
nantly volcanic and are at least 7,000 feet thick. 
They fall into three major subdivisions, which 
are separated by two well-marked unconformi- 
ties. The lowest subdivision consists of quartz 
latite, rhyoUte, and andesite breccia; it is 
tilted at angles as great as 60^; and it probably 
is the correlative of the Esmeralda formation, 



of approximately upper Miocene age. The 
middle subdivision consists of a series of andes- 
ite flows resting in places on the eroded edges 
of the rhyoUtes. The uppertnost subdivision 
consists of subangular conglomerate overlain by 
basalt, which caps the prominent mesas in the 
southern part of the district. The basalt has 
been slightly tilted since it was erupted and has 
been much faulted; in fact, the present relief 
of the range has resulted largely from post- 
basaltic faulting. 

The principal ore bodies consist of pyrite and 
chalcopyrite in a gangue of pyroxene, garnet, 
and epidote. They attain 800 feet in length 
and 100 feet in width; these dimensions, how- 
ever, are exceptional and as a rule are more 
apphcable to the ore-bearing zones, in which 
the ore bodies are commonly small fractions of 
the associated masses of barren garnet-pyroxene 
rock. In the Mason Valley mine, for example, 
inasses of barren garnet rock, in places 200 feet 
thick, underUe the productive part of the ore- 
bearing zone. The known vertical range of 
mineralization in the district, in the present 
stage of development, is 950 feet. 

The ore deposits have resulted from the re- 
placement of comparatively pure limestones 
and are of the contact-metamorphic type. 
They are clearly related to faulting, and inas- 
much as the replacement of the limestone ex- 
tended outward from fault fissures the ore 
bodies, as a rule, are lodelike in form. The ore 
tends to occur on the limestone side of the ore- 
bearing zone, though this rule is not without 
notable exceptions. As the ore deposits are 
situated on or near faults and as these faults 
commonly separate dissimilar rocks, such as 
limestone from felsite, andesite, or stratified 
calcHsiUcate rocks, it follows from these cir- 
cumstances, together with the lodelike form and 
the tendency of the ore to occur on the lime- 
stone side of the ore-bearing zones, that the 
most systematic way of exploring for ore is to 
drift in the limestone parallel to the ore zone 
and to crosscut back at intervals to the ore 
zone. 



8 



OUTLINE OP REPOBT. 



The ore body at the Bhiestone mine, consist- 
ing essentially of chalcopyrite and epidote, 
differs from the others of the district in that it 
was formed by the replacement not of lime- 
stone but of brecciated gametite and other 
contact-metamorphic rocks of the first period of 
metamorphism. Its features serve to empha- 
size the separateness and distinctness of the 
two periods of metamorphism distinguishable 
in the district, both of which occurred, however, 
during the same general epoch of intrusion — an 
earUer, widespread metamorphism marked by 
the addition of the immense quantities of silica 
and iron to the metamorphosed limestones, and 
a later, localized metamorphism marked by the 
addition of silica, iron, copper, and sulphur. 
The second metamorphism, which produced the 
ore bodies, acted, as a rule, only on pure lime- 
stones (the Bluestone ore body being the one 



exception) — on limestones that were not sili- 
cated by the metamorphism of the first period. 

The primary ores of the district are essen- 
tially imenriched by later sulphides, supergene 
covellite and chalcocite being on the whole of 
minor importance. The production has come 
largely from ores of this kind from the contact- 
metamorphic deposits, and the average tenor 
of the ores has ranged from 2.75 to 6 per cent 
of copper. 

Types of ore deposits other than the contacts 
metamorphic are sparingly represented in the 
district and are of subordinate economic im- 
portance. They are exemplified by the irreg- 
ular bodies of rich cuprite ore in quartz mon- 
zonite porphyry at the Empire-Nevada mine 
and by the fissure veins in granodiorite and 
quartz monzonite porphyry, as at the Montana- 
Yerington mine. 



GEOLOGY AND ORE DEPOSITS OF THE YERINGTON. DISTRICT, NEVADA. 



By Adolph Knopf. 



Part I. GENERAL FEATURES. 



GEOGRAPHY. 

The Yerington district is in Lyon County, 
Nev., 50 miles southeast of Reno. (See fig. 1.) 
It takes its name from Yerington, the county 
seat, a prosperous agricultural town in Mjpson 
Valley. Two smaller towns, of more recent 
origin and dependent almost wholly on the 
mining industry, are situated in the district — 
Mason on the east side of the range and Ludwig 
on the west side. These two towns are con- 
nected by the Nevada Copper Belt Railroad 
with Wabuska, on the Southern Pacific system, 
and with the smelter at Thompson, 2 nules 
from Wabuska. 

As used in this report, the term ''Yerington 
district'' is restricted to the area shown on 
Plate I, within which are the chief copper- 
producing mines of the region. The district 
includes a small part of the Singatse Range, a 
northward-trending barren desert range sepa-* 
rating Mason Valley on the east from Smiths 
Valley on the west. D. T. Smith * ascertained 
that the Indian name of therange is ''Singatse," 
but neither this nor any other name ap- 
pears to be locally known or used. Smith and 
Ransome termed it the Singatse Ridge, al- 
though Spurr ' had earlier applied to it the name 
"Smith Valley Range." On the topographic 
map of the Yerington district recently made by 
the United States Geological Survey, which 
forms the base of Plate I, "Singatse Range" is 
employed, and this name is used jiere. The 
range averages 4 nules in width and rises about 
1,500 feet above the valleys. The highest 
summit, Packhorse, southwest of Ludwig, 
reaches an altitude of 6,547feet. Thealtitudeof 
the range is insufficient to support a scattered 
growth of pines, such as is common on the sum- 
mits of the higher ranges of the Great Basin. 

1 Smith, D.T., Geology of the upper region of the niAin Walker River, 
Nev.: California Univ. Dept. Geology Bull., vol. 4, p. 3, 1904. 

* Spurr, J. E., Geology of Nevada south of the fortieth parallel: U. 8. 
Geol. Survey BuU. 208» p. 117, 1903. 



The range rises abruptly above the floor of 
Mason Valley, its front is notched by sharp 
canyons, and a series of alluvial cones extend- 
ing from the mouths of these canyons spread 
over the valley floor. The range is made up 
of a series of ridges that overlap one another, as 
is well shown along the road that crosses the 
range through Mason Pass on the way from 
Mason Valley to Ludwig, the crossing being 
made not transversely but at a narrow angle 
to the trend of the range. 

Mason Valley is from 4 to 12 miles wide. A 
few miles south of the area shown in Plate I 
the East and West forks of Walker River imite 
to form the main river, which flows northward 
through the valley and then southeastward into 
Walker Lake, 35 miles east of Yerington. The 
water of the river is largely used for irrigation, 
and the valley supports a flourishing agriculture. 
Smiths Valley, on the west side of the Singatse 
Range, is a broad, arid expanse, at whose north 
end, northwest of Ludwig, is a playa lake that 
generally becomes dry early in September. 

The climate of the Yerington district is that 
typical of the Great Basin region. Owing to 
the aridity and to its moderate elevation, the 
Singatse Range is without running water — ^in 
fact, the range is so dry that there is only one 
small spring within it. 

FIELD WORK. 

Field work was. begun on July 3 and com- 
pleted on September 11, 1914. During this 
work the writer was ably assisted by E. L. 

Jones, jr. 

BIBUOGRAPHT. 

The number of pubUcations on the Yerington 
district is not large. The only previous sys- 
tematic accoimt of the geology is that by Ran- 
some, which is based upon a week's reconnais- 
sance devoted mainly to examinations of the 
mines. 
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FiaxTBB 1.— Index map showing the location of the Yerlngton district, Nev. 
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1903. Spurr, J. £., Descriptive geology of Nevada south 
of the fortieth puallel and adjacent portions of 
California: U. S. Geol. Survey Bull. 208, pp. 117- 
120. 

Gives a few scattered observations concerning 
mainly the southern part of the Singatse Range. 

1905. Smith, D. T., The geology of the upper region of the 
main Walker River, Nev. : California Univ. Dept. 
Geology Bull., vol. 4, pp. 1-32. 

The geology of the upper region of the main 
Walker River, of which the Yerington district is 
a small part, is described and a reconnaissance 
map is presented. 

1907. Jennings, £. P., The genesis of the copper deixmts 
of Yerington, Nov.: Canadian Min. Inst. Jour., 
vol. 10, pp. 257-260. 

Recognizes clearly the contact-metamorphic 
origin of the deposits and their dependence on 
fisBuring, but the supporting evidence is not pre- 
sented convincingly. 

1909. Jennings, E. P., The localization of values in ore 
bodies and the occurrence of shoots in metallif- 
erous deposits: Econ. Geology, vol. 4, pp. 255- 
257. 

Practically a restatement of the earlier paper on 
the genesis of the Yerington copper deposits. 

1909. Ransome, F. L., The Yerington copper district, 

Nev.: U. S. Geol. Survey Bull. 380, pp. 99-119. 

Outlines the broader features of the geology of 

the district, gives a section across the range, and 

describes the ore deposits and the principal mines. 

1910. Carpenter, J. A., The Yerington copper district: 

Min. and Sci. Press, vol. 101, pp. 4-9. 

This valuable paper deals mainly with the state 
of development of the principal mines of the dis- 
trict in 1910. 

1911. Jennings, E. P., Secondary copper ores of the Lud- 

wig mine, Yerington, Nov.: Canadian Min. Inst. 
Jour., vol. 11, pp. 463-466. 

1912. Rogers, A. F., The occurrence and origin of gypsum 

and anhydrite at the Ludwig mine, Lyon County, 
Nov.: Econ. (Jeology, vol. 7, pp. 185-189. 

Gives a section at the mine, showing a bed of 
anhydrite, 450 feet thick, interstratified between 
quartzite and limestone. The anhydrite has 
been hydrated to gjrpsum to a depth of 400 feet on 
the hanging- wall side. 

mSTORY OF MINING. 

Mining in the Yerijigton district dates back 
at least as far as 1865, when attempts were 
made to work the oxidized copper ore at the 
liudwig mine. Prior to 1907, however, oper- 
ations throughout the district were intermittent 
and never attained much importance, and as 
a matter of fact the district did not b^gin to 
yield much copper imtil after 1912. The most 
important of the early activities appears to 
have been the mining of natural bluestone to 
supply the reduction works at Virginia City 



during the period when the great bonanza ore 
bodies of the Comstock lode were being ex- 
tracted. The bluestone occurred in the out- 
crops of the principal ore bodies in considerable 
quantities, and many thousand tons were 
mined to furnish the copper sulphate used in 
the Washoe process of amalgamating the silver 
ores of the Comstock lode. A smelter was 
built at Ludwig in the early days, but it was not 
successful. At the Bluestone mine, on the east 
side of the range, a smelter was built in 1900, 
but it was not operated long, and similarly the 
smelter at Yerington station did not make any 
notable output. These early attempts were 
concerned chiefly with the oxidized ores, which 
were naturally richer than the sulphide ore but 
occurred in comparatively small quantity. In 
the absence of transportation facilities the 
larger bodies of primary ore, essentially unen- 
riched and of low grade, were not attractive. 

Interest in the district revived about 1907. 
Some of the largest deposits were acquired by 
energetic companies with adequate capital, and 
a campaign of active exploration and develop- 
ment was begim. The Nevada Copper Belt 
Railroad, 41 miles long, was built into the dis- 
trict from Wabuska, on the Southern Pacific 
system; it was commenced in August, 1909, 
and completed to Ludwig in September, 1911. 
A smelting plant, eventually increased to a 
capacity of 1,800 tons a day, was constructed 
by the Mason VaUey Mines Co. at Thompson, 
2 miles north of Wabuska. Its situation here 
at the north end of the arable part of the val- 
ley, together with the fact that the prevailing 
wind is from the south, in large measure pre- 
cludes the danger of serious difficulty with the 
agricultural interests of Mason Valley on ac- 
coimt of damage by smelter fiunes. The plant 
began operations on January 6, 1912, and a 
considerable output was soon attained, largely 
from the ores of the Yerington district. At 
first a matte containing approximately 40 per 
cent of copper was produced, which was 
shipped to the Garfield smelter near Salt Lake 
City for conversion, but later two converters 
were added to the plant, and early in 1914 the 
production of blister copper was commenced. 

The smelter was operated continuously until 
October 20, 1914, when it was shut down, owing 
to the disastrous effect of the outbreak of 
the European war on the price of copper. In 
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spite of the recovery of the copper market and 
the high prices of metals that ruled during 
1915, the smelter remained idle, as did also 
the Mason Valley mine, from which it had 
drawn a large part of its supply of ore. Else- 
where in the district, however, mining was 
stimulated by the great rise in the price of 
copper, and much activity prevailed. 

In February, 1917, the smelter again began 
operations, and a large output was made from 
the ores of the Bluestone, Mason Valley, and 
Nevada-Douglas mines. 

PRODUCTION. 

The production of the Yerington district 
prior to 1905 is not accurately ascertainable 
but probably did not exceed 1,000,000 pounds 
of copper, mainly as natural bluestone and 
other oxidized ores. The total mine production 
of copper since 1905, as obtained from the files 
of the United States Geological Survey, is 
61 ,193,800 pounds. This copper was recovered 
from or was contained in 886,624 tons of ore, the 
average 3rield being therefore approximately 
3.45 per cent of copper. The output of gold 
and silver incidental to the recovery of copper 
has been insignificant. 

Copper produced in the Yerington district, Nei\, 1905-1917. 



Mine production. 



Ore (tons). 



1905 
1906 
1907 
1908 
1911 
1912 
1913 
1914 
1915 
1916 
1917 



1,382 

2,501 

1,074 

360 

120 

239,606 

206,558 

102, 467 

4,736 

19, 820 

308,000 



Copper 

(pounds), 



294,000 

869,000 

297,000 

101,000 

2,800 

17, 058, 000 

15, 106, 000 

7, 274, 000 

701,000 

3,491,000 

016,000,000 



a Prelimiiiary estimate. 

GENERAL GEOLOGY. 
TBIASSIC BOCKS. 

CHARACTER. 



The oldest rocks of the Yerington district 
are Triassic andesite, felsite, limestone, quartz- 
ite, and subordinate shale. Near Ludwig they 
include a thick bed of anhydrite, whose out- 



crop is altered to gypsum. They form a nar- 
row, irregular belt extending across the portion 
of the range west of Mason. They have been 
intruded by granodiorite and quartz monzo- 
nite, and as a result they have been highly metsr 
morphosed, some by simple recrystallization 
and others by addition of new material. The 
limestones especially were altered by pneu- 
matolysis, and as the resultant rocks are com- 
posed solidly of garnet or kindred sihcates, it 
has been found necessary to map large areas — 
in fact, about one-half of the total exposure of 
Triassic rocks — ^under a separate symbol as 
gametites and allied rocks. 

The rocks dip from 70° to 90°; on the east 
flank of the range they dip 70° W. and on the 
west flank 70° E. as a rule, but the structure 
is probably not synclinal, as the rocks differ 
widely in character and sequence on the two 
sides of the range. They are cut by many 
faults, which are of at least three different ages 
and some of which are of large stratigraphic 
displacement. These features, combined with 
the profound contact metamorphism^ have 
rendered it impossible to establish fully the 
stratigraphic sequence. A thickness of at 
least 8,000 feet of rock, however, appears to 
be represented. 

The Triassic rocks are a small remnant of a 
formerly extensive formation; they have been 
left isolated in an area now occupied mainly 
by granitic rocks of probably early Cretaceous 
age and by Tertiary volcanic rocks. They are, 
however, the rocks of main economio int^erest, 
because the limestones of the formation inclose 
the principal ore bodies of the district. 

AQE. 

Smith * foxmd some evidence indicating that 
the rocks are of Triassic age, and Jones ' found 
Triassic fossils in place near the Ludwig mine. 

During the present investigation fossils were 
foimd on the south side of the road near the 
Malachite mine, where they are abundant but 
poorly preserved and mainly of one species. 
They occur at two horizons, in black shales in- 
terstratified with limestone separated by about 
150 feet of felsite, but are more abundant at 
the upper horizon. The shales are overlain 
mainly by massive limestone, which includes 

» Smith,D.T.,op.cit.,pp.9-10. 

s Jones, J. C, The origin of the anhydrite at the Ludwig mine, Lyoo. 
County, Nev.: Econ. Geology vol. 7, p. 400, 1912. 
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some alternations of limestone and felsite. 
T. W, Stanton reports on the fossils collected 
here as follows: 

9215. LotB. Malachite mine* Yerin^n district, Nev.: 

Daonella sp. 

Daonella? sp. 

Triaaaic. 

0217. No. 51-J. Near Malachite mine: 

Daonella sp. 

Ammonite; imprint too obscure for generic deter- 
mination. 
Triaasic. 
9218. No. 52-J. Near Malachite mine: 
Daonella sp. 

Ammonite imprint; possibly a Oeratites. 
Triaasic. 

Imprints of similar fossils were found in 
ahale halfway between the Malachite and 
Mason Valley mines and in shale 1,500 feet 
north of the McConnell mine. A well-preserved 
Hdobia, a typical Triassic fossil, wholly gar- 
netized, was found in the gametites west of 
the MoConnell mine. It is concluded from 
this distribution of Triassic fossils that all the 
pr^ranitic rocks of the district are of Triassic 



TOLCANIC BOCKS. 



Andesites form a prominent belt extending 
along the front of the range from Mason south- 
ward. They occur also along the summit 
south of the direct road between Mason and 
Ladwig and as inf aulted blocks near the West- 
em Nevada mind. 

The andesites are moderately dark rocks 
that display some petrographic diversity. The 
most common variety is probably that carrying 
abundant phenocrysts of plagiodase and 
hornblende or pyroxene, both somewhat incon- 
spicuous and blurred through secondary alter- 
ation. Some of the andesite differs from the 
rest because of its numerous large pheno- 
crysts of tabular plagiodase. Both massive 
porphyries and pyroclastic breccias occur in 
the andesite series, which is therefore clearly 
of extrusive origin. Dacite, characterized by 
numerous large, prominent corroded quartz 
phenociysts associated with the fddspars, is 
intercalated in the andesites in moderate 
amount. 

Under the microscope a typical andesite, 
from the canyon up which the road to the 



Malachite mine goes, is found to show the 
following features: The feldspar phenocrysts 
are andesine (AbuAn^^) ; they are more or less 
inteigrownwithamphibole and other secondary 
minerals, and in consequence most of them no 
longer stand out sharply from the groundmass. 
The femic phenocrysts — whether they were 
hornblende or pyroxene originally is now not 
ascertainable — ^have recrystallized to irregular 
aggregates of light-green amphibole. The 
groundmass is fine grained and contains evenly 
scattered through it innumerable prisms of the 
light-green amphibole and minute grains of 
magnetite. 

The andesites that occur near the intrusive 
bodies of quartz monzonite have been recrys- 
tallized. The effect most obvious on casual 
inspection is that they have become darker 
and appear fresher. Moreover, the porphyritic 
structure has become obscure. In the lower 
part of the canyon through which passes the 
road to the Western Nevada mine the andesites 
have recrystalhzed so thoroughly that they 
have a decidedly dioritic appearance, but the 
retention of pyrodastic structure, as revealed 
on weather-etched surfaces, still gives a due to 
their extrusive origin. Under the microscope 
the thermally altered andesites are found to 
consist mainly of plagiodase and hornblende. 
The hornblende is evenly scattered throughout 
the rocks, is more or less spongiform, and is 
evidently secondary. The original porphyritic 
structure has been obscured partly by the 
recrjrstallization of the femic phenocrysts and 
partly by the growth of multitudes of minute 
hornblende prisms in the cores of the plagiodase 
phenocrysts. 

The maximiun indicated thickness of the an- 
desite series is 2,000 feet. Immediatdy above 
the andesites are f elsites. As the andesites are 
intruded by felsite sills, and as extrusive 
fdsites and felsite breccias are interstratified 
with the overlying fossiliferous Triassic lime- 
stones, it is dear that the andesites are the 
lowest member of the local Triassic section. 

SODA SHTOUTX-TEUBTrS (KZaATOPHY&X). 

OBNEBAIi FEATURES. 

Soda rhyolite-felsites make up an important 
element in the Triassic section. They are 
characterized by their light color, aphanitic 
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texture, and obscurely porph3aitic habit. As 
thej carry but few phenocrysts and as these 
are generally mconspicuous, the felsites closely 
resemble fine*grained sedimentary rocks rang- 
ing from cherts to dense quartzites. They re- 
semble also the aphanitic calc-siUcate rocks 
that commonly result from contact-met amor- 
phic action — crocks that are logically to be 
expected in an area so highly metamorphosed 
by igneous intrusions as the Yerington district. 
In the field, therefore, the felsites are generally 
discriminable with difficulty from a variety of 
rocks of widely different origins. Fortunately, 
however, certain of the felsites reveal their 
volcanic origin either by a conspicuous flow 
banding or by a breccia structure that is devel- 
oped by the weathering of exposed surfaces. 
Notwithstanding the diversity of structure 
thus locally shown on weathered surfaces, the 
felsites have the. striking peculiarity that on 
fresh fracture all are of structureless flinthke or 
cherty appearance. 

The main bulk of the felsites hes immediately 
above the top of the andesites. The greatest 
thickness is about 1,200 feet, or at least felsites 
strongly preponderate in a belt of this thick- 
ness, as shown along the crest of the ridge 
extending east from the Mason Valley mine. 
They occur in smaller thicknesses in the over- 
lying limestone series. Among the more nota- 
ble of these minor belts is the felsite breccia 
forming the footwall of the ore-bearing zone 
at the Mason Valley mine. 

The most prominent development of the 
felsites is the- thick belt already mentioned, 
which extends along the east flank of the range. 
In this belt they are generally unaltered by 
dynamic or contact metamorphism. The fel- 
sites occurring in the area of highly metamor- 
phosed rocks extending from the McConnell 
mine to the summit of the range have been 
recrystallized, and finely flaky biotite has been 
caused to grow in them, so that their recogni- 
tion becomes difficult; some, indeed, closely 
resemble apUte. 



PETROGRAPHY. 



The felsites include flows, tuffs, breccias, and 
intrusive rocks. In color they range from 
snow-white to grayish green. The effusive and 
pyrodastic members are in the main aphanitic 
rocks carrying a few obscure inconspicuous 
phenocrysts of feldspar. Some contain small 



sporadic corroded crystals of quartz, but such 
quartz-bearing felsites are comparatively rare. 
In the intrusive felsites the texture is micro- 
crystalline and the phenocrysts are more com- 
mon and more readily distinguishable, so that 
the igneous origin of these rocks is far more 
easily recognizable. 

Under the microscope the massive felsites-^ 
that is, the flows and intrusives — all appear to 
be essentially similar. They show sporadic 
phenocrysts of albite, or of sodic oligoclase, 
embedded in a groundmass that is generally 
crfptocrystalline. Biotite or hornblende ap- 
pear not to have been present. A secondary 
mica, probably sericite, occurs as minute fibers 
in some of the felsites. Further details are 
presented in connection with the felsites that 
have been chemically analyzed. 

The breccias, which are composed of angular 
fragments as much as several inches in length, 
are not as a rule discriminable from the lavas 
on fresh fracture. This variety of pyrodastic 
rock is the more conunon in the region, but 
near the Mason Valley mine somewhat different 
explosive products of the ielsitic eruptions 
were found. They occur as thin strata of 
quartz-feldspar tuff indosed in the massive 
brown gametite that forms the predominant 
country rock southeast of the office of the mine. 
The tuff is a white rock made up largdy of 
fddspar but containing quartz particles some^ 
what .larger than the average grain of the rock; 
the generaV megascopic effect is that of an 
apUte porphyry. The dastic origin becomes 
apparent under the microscope, however, and 
the rock is seen to be made up of albite, quartz, 
and sporadic fragments of a trachytoidal 
volcanic material composed of albite. 

The intrusive felsites, as previously men- 
tioned, are sufficiently coarse in grain to be 
termed microcrystalhne. A snow-white fd- 
site of this kind, containing scattered pteno-. 
crysts of fddspar, occurs on the divide south 
of Ludwig; it shows under the microscope 
crystals of ohgodase-albite, somewhat more 
sodic than Abg^An^^, set in a groundmass 
whose components are well individualized. 
In this respect it contrasts notably with the 
extrusive felsites, but otherwise it is quite 
similar. The groundmass consists of quartz 
and fddspar, probably albite, forming a 
mosaic whose structure ranges between allotrio- 
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morphic and panidiomorphic granular. Titan- 
ite, apatite, magnetite, and zircon occur 
sparsely, and the secondary minerals epidote 
and actinolite are present in small amounts, 
mainly in partial replacement of the pheno- 
crysts. 

A rock that is very similar but is rich in 
phenocrysts of albite — an albitophyre, as it 
may be called — occurs on the ridge east of the 
Western Nevada mine. 

One complete and two partial analyses of 
the felsites have been made by R. C. Wells in 
the laboratory of the United States Geo- 
logical Survey. They show somewhat greater 
diversity than was expected but bring out 
well the highly siliceous, soda-rich character 
of the lavas and their poverty in iron and 
magnesia. 

Analyges of felsites (keratophifres) from the YbrmgUm 

district, Nev. . 

[R. C. Wells, analyst.] 



SiO,.. 
AlA- 

K': 

MgO.. 
CaO.. 

K,6.. 
H3O- 

H^O-f 
TiO,.. 

ZrO,. . 

ca... 

BaO.. 



72.73 
14.42 
.73 
.94 
.32 
.87 
4.66 
4.50 
.36 
.36 
.22 
.04 
.19 
.07 
.01 
.09 



100.61 



77.17 
« 13. 84 



L47 

6.05 

.38 



70.18 
«18.43 



2.55 

7.46 

.44 



98.91 



99.06 



alncladessome FetOs, etc. 

1. Malachite mine, north of road. 

2. Mason Valley mine, from cutting on road betweeo 
office and portal of tunnel No. 3. 

3. Douglas mine. 

The felsite obtained near the Malachite 
mine (No. 1) is a fiintlike rock of conchoidal 
fracture, carrying sparse phenocrysts of glassy 
plagioclase one-tenth of an inch or less in 
length. Under the microscope it proves to be 
holocrystalline, probably owing to devitrifica- 
tion. The phenocrysts are seen to be albite 
near Ab^aAn^ in composition. Octahedrons of 
magnetite 0.02 millimeter in size are common, 
and apatite and titanite are the other accessory 



niiinerals. Chlorite (in part possibly pseudo- 
morphous after biotite or hornblende), epidote, 
and calcite are minor secondary minerals. 
The groimdmass, consisting of irregidarly 
interlocking aggregates, averages 0.005 milli- 
meter in grain. Stxidy of the gromidmass 
immersed in oils of known refractive indices 
raises some interesting queries. The mini- 
mum index of all particles is found to exceed 
1.529 — ^in other words, no orthoclase is present, 
although the subjoined calculation of the 
chemical analysis of the felsite calls for 27 
per cent of orthoclase. Grains whose indices 
range between approxiniately 1.530 and 1.536 
make up practically the whole of the groimd- 
mass; in liquid of index 1.544 a few grains of 
quartz can be detected, but the amount is 
totally disproportionate to that calculated 
from the analysis. The computed composition 
is given in the following table : 

Mineral composition of felsites. 



Quartz 

Orthoclase (mol.) 

Albite (mol.) 

Anorthite (mol.). 

Magnetite 

Titanite 

Apatite 

Calcite 

Chlorite 



26.60 

26.78 

39.45 

1.95 

1.16 

.59 

.15 

.40 

2.03 



99.11 



37,30 
2.23 

51.55 
7.23 



98.31 



19.63 

2.61 

63.30 

12.66 



98.20 



The felsite from the vicinity of the Mason 
Valley mine (No. 2) is a dense snow-white 
rock without phenocrysts; imder the micro- 
scope it is seen to consist wholly of an inti- 
mately interlocking aggregate of mintite grains. 
The refractive indices of all the grains exceed 
1.529, and some of the grains have indices 
exceeding 1.544; hence, in connection with the 
chemical analysis, it 13 clear that the felsite 
consists largely of albitic feldspar plus some 
quartz. 

The felsite from Douglas Hill (No. 3) is. 
also a dense rock without phenocrysts but is 
characterized by a well-marked banding. In 
thin section it is found to consist of a closely 
intergrown aggregate of colorless, untwinned, 
weakly birefringent grains that average 
0.02 millimeter in diameter. Apatite, leucox- 
ene (?),. and actinolite in radial groups occur 
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as minor constituents. Examination of the 
crushed rock in oib of known indices shows 
that the indices of all particles exceed 1.529 
and are notably less than 1.544, the minimum 
index of quartz. The quartz indicated by 
the computed mineral composition is therefore 
not present. The three felsites that have been 
chemically analyzed and critically examined 
as to their mineral composition accordingly 
suggest that sodium-aliuninum silicates more 
siliceous thjin albite are present, a conclusion 
similar to that which Mugge reached long ago 
in his classic studies on the keratophyres of 
Westphalia.* 

SEDIMENTAIIY ROCKS. 

The sedimentary rocks consist principally of 
Umestone and quartzite. The larger masses of 
these rocks have been mapped separately (PL I, 
in pocket). The Umestones as a rule are 
Ught colored, massive, and coarsely crystalline. 
Some thinly bedded black limestone, 200 feet 
thick, occurs east of the Mason Valley mine, 
however, and extends southward to the 
Malachite mine. Shale is not common in the 
district, the principal occurrence being the 
fossiliferous beds near the south workings of 
the Malachite mine. 

Quartzite is exposed at the upper edge of 
the aUuvium in the town of Ludwig, where it 
forms the lowermost member of the local 
Triassic section. It is separated from the 
overlying rocks by a strike fault. A laiger 
mass, surrounded by granodiorite, occurs on 
the hill northwest of Ludwig. It is a vitreous 
quartzite, which the microscope shows is com- 
posed wholly of interlocking quartz grains. 
In the absence of any positive evidence bear- 
ing on its age the quartzite is provisionally 
mapped with the Triassic rocks. 

OARNETITES AND ALLIED ROCKS. 
CHABACTSB AHD DISTRIBITTXOV. 

Highly metamorphic rocks — the so-caUed 
lime-«ilicate rocks* — ^make up about half the 
area imderlain by the Triassic. Rocks com- 

> HCkgge, O., Untersnchungen ueber die "Lezmeporphyre" in West- 
falen und den angrenzenden Gebieten: Neues Jahrb., Beilage Band 8, 
p. 616, 1893. 

s There is no whoUy satisfactory name for rocks of this kind. Flett 
and others of the Geological Survey of Great Britain call them calo- 
siUcate homfelses; the writer has elsewhere (Tungsten deposits of north* 
western Inyo County, Cal.: U. 8. Oeol. Survey Bull. 640, p. 233, 1916) 
suggested that this term be shortened to calo-homfelses. 



posed wholly, of brown garnet, referred to in 
this report as gametites, are most abundant, 
but many other rarieties occur^ such as those 
consisting of epidote, clinozoisite, and vesu- 
vianite, singly or together, or such as those 
making up the thick white strata composed 
chiefly of woUastonite, as at the Bluestone and 
Ludwig mines. 

The areas in which rocks of this kind pre- 
dominate are shown separately on the geologic 
map (PI. I). Gametite and allied rocks, 
however, also occur to some extent inter- 
stratified with the Umestone in the areas 
where limestone prevails. 

In places felsite and felsite tuff are inter- 
calated with the calc-homfelses, and it is ac- 
cordingly difficult in the field to distinguish 
these two kinds of rock. The intercalated 
felsites have not uncommonly been meta- 
morphosed to solid aggregates of fine-grained 
epidote. 

The brown gametites are well shown on the 
hill south of the office of the Mason Valley 
mine. They ar^ heavy, dense, massive rocks 
composed wholly of microcrystalline garnet. 
As indicated by its refractive index (1.81), the 
garnet is a variety halfway between grossu- 
farite and andradiL Simifar gametitTTtm 
retaining stratification, form the hill west of 
the McConnell mine. Under the microscope 
only minute amounts of pyroxene, quartz, and 
calcite are found to be associated with the 
preponderant garnet composing the rock. 
The index of this garnet also proves to be 1.81. 
A gametite from this locality, noteworthy in 
containing a gametized fossil, was partly 
analyzed in the laboratory of the Geological 
Survey. 

The analysis given below clearly confirms 
the optical determination that the garnet is a 
variety about halfway between grossularite 
and andradite. 

Partial analyns of gametite from hill near the McCanneU 

mine. 

[W. B. Hicks, analyst.] 

SiOj 40.89 

AljO, 7.e3 

FejOj (total iron) 15.39 

MgO 1 26 

CaO 30 61 

A stadia traverse was made across the strike 
of the rocks on Douglas Hill, and specimens 
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were taken from those rooks that dififered per- 
ceptibly to the unuded eye; the specimens 
were examined microscopically and the ac- 
companying section (fig. 2) was drawn. It is 
probable that if more specimens had been 
collected, more varieties of lime-sUicate rocks 
would have been discriminated microecopicaily. 
At the base of the section is a much brecciated 
quartzite (a); above this is the coarse lime- 
stone <6) that incloses the Ludwig lode; and 
above this are lime-sihcate rocks and felsites, 
aggregating more than 1,500 feet in thickaees. 
Although these rocks are highly metamoiphic, 
they are well stratified and retain their general 
aspect of sedimentary rocks. The fine-grained 
rock near the base of the belt of white lime- 
silicate rocks (c) consists chiefly of woUastooite, 
with accessory plagioclase (Ab„ An„), diopside, 
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in column 3, on p. 15, came from this belt) 
and aphanitic homfelsee. A homfels of this 
belt — a heavy even-grained aphamte of grayish- 
green color — proves in thin section to consist 
of vesuvianite, diopside, and quartz, which is 
partly idiomorphic against the other two 
minerals. Near the top of the section there 
occur gametitee which are composed solidly 
of microcrystalline garnet; as determined by 
the immersion method, the refractive index 
of the garnet is 1.75, showing that the garnet 
is nearly pure grossularite. 

ouonr or trb hstaxobphio bocks. 

The fact that the appearance of normally 

stratified rooks is preserved by the dense 

aphanitic woUastonite rocks and gametites 

suggests that large amounts of silica, ferric 





nouu 1.— Oeologto sccUdd eitoidlng N. 71* W. ban tha mmmlt of Donglu HUl, Ner. a, Quortilu, bl^y tnteciatad; I, !ini«M«o«i e, wUta 
limn rlllmtn rocks; i, black Um»-slUcst« roeka; t, spbudUo tnmoUla rock, probably IncluiUjig Boma teliilea; /, b1»ck epidoU VMOvlaiiltg 
rocks: ;, teUIea, llme-sUicsle rockl, and punatlttn; t, baltbn(id>OeniBnt«dby mndndllc; J. andiadlte lock. 



and pyrite. The faintly banded aphanitic 
homfels (e) resembles to the eye exactly the 
banded felsites of the r^on; under the 
microscope, however, it proves to consist 
largely of slender fibers of tremolite scattered 
through a feebly birefringent granular aggre- 
gate, which probably consists of pla^oclase, as 
its maximum refractive index, determined by 
the inmiersion method, is 1.544. The upper- 
most belt of black homfelses (J^ on casual 
examination resembles a series of thin-bedded 
black limestones, but on closer inspection it is 
found to consist of heavy aphanitic rock. In 
thin section such rock is seen to be made up 
lai^ely of vesuvianite, of index 1.71, and 
epidote of a pale variety near clinozoisite. 
The black color of the rock is due to very 
abundant and finely disseminated carbonaceous 
matter. TMs belt of black rocks is overlain 
by felsites (the felsite whose analysis is given 
38330"— 18 2 



oxide, and possibly other substances were 
added during metamorphism and that the 
volumes of the ori^al strata have remained 
unchanged. This conclusion appears to be 
confirmed by the discovery of a completely 
gametized fossil in the stratified gametitee near 
the McConnell mine.' This fossil was identified 
as Hdlobia sp. by T. W. Stanton, who com- 
mented on its preservation in undistorted 
form. (See PI. II, A.) The petrographic de- 
scription and chemical aualysb of the garnet 
matrix of the Halobia is ^ven on page 16, and 
from these it appears that the gamet is a 
variety high in the andradite molecule. Mani- 
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unoommoo. Undgren (Mlnenl dspoatts, p. 071, lltU) 
mys tb&t "tt Tra Hernuuua, N. Hex., near the oontact with granlU 
porpbyry, Sptrlfen and Fsncstellas hkve been perfectly preserved in the 
gunetiied rook." Ooldaohmldl (Die Eontakt-metamorphiBa Im Krii- 
tlaiikgeUet,p.327,lsin touudth&tlnsomear the oonlact-eltered lime- 
stdwa tUek-walled brachlopod ebella have been oompletely altered to 
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festly the gametization of the Halobia and its 
matrix took place without change in vohiine or 
increase of porosity, and it must therefore have 
involved the addition of large amounts of ferric 
iron, silica, and probably alumina to the meta- 
morphosed limestone from an extraneous 
source. In view of the considerable areal ex- 
tent of rocks of this kind in the Yerington dis- 
trict, this great accession of material becomes 
one of the most noteworthy features of the 
geology of the district. 

Inclosed in the lime-silicate rocks are irregu- 
lar masses of limestone, which, as the field 
evidence discloses, are residual from inter- 
bedded strata that were not wholly replaced 
by sihcates. Incomplete replacement of this 
kind is well shown in a belt of thin-bedded 
black limestone 200 feet thick near the Mason 
Valley mine. (See fig. 7, p. 53.) The northern 
extension of the belt is completely metamor- 
phosed to silicates, but toward the south the 
sihcates diminish abruptly and finger out 
irregularly in stringers penetrating the un- 
altered limestone. 

Along the contact of the massive limestone 
belt and the calcium silicate rocks southwest 
of Douglas HiU blocks and slabs of unsiUcated 
limestone are commonly inclosed in rocks com- 
posed sohdly of silicates; that this relation is 
not due to faulting that occurred after the 
period of silication is shown by such features 
as the corroded and embayed boimdaries of 
the limestone blocks and by the tonguelike 
masses of silicates penetrating the limestone. 
Along this contact there occur also breccias of 
limestone in which the Umestone fragments are 
surrounded by networks of tremolite fibers. 

The widespread profound metamorphism 
described in the preceding paragraphs occurred 
shortly after the intrusion of the granodiorite 
and quartz monzonite, and, as pointed out in 
detail on page 43, it almost wholly preceded 
the intrusion of the quartz monzonite por- 
phyry. It led to the development of large 
masses of aphanitic or microcrystalline silicate 
rocks. It is referred to in this report as "the 
metamorphism of the first period" to distin- 
guish it from the later, more localized, and 
widely different metamorphism accompanying 
the formation of the copper ores of the district.^ 

1 A similar relation between regioDal contact metamorphism and later 
deposition of oontact-metamorphic ore occurs in the Darwin distxict, 
Cal. (See Knopf, Adolph, The Darwin silver-lead mining district. Gal.: 
U. S. Qeol. Survey Bull. 580, pp. 1-18, 1915.) 



GYPSUM. 

A bed of gypsum 450 feet in maximum thick- 
ness and sufficiently large to be shown on the 
geologic map (PI. I) occurs near the Ludwig 
mine. It is imderlain by quartzite and is over- 
lain by limestone about 170 feet thick, which 
separates it from the Ludwig lode. These 
geologic relations are shown in iigures 9 (p. 59) 
and 10 (p. 60). A small mass of intrusive 
granodiorite lies within 200 feet of the main 
outcrop of the gypsimi bed. 

The origin of the gypsum has aroused con- 
siderable interest. Ransome' suggested that 
it resulted from the alteration of limestone by 
acid solutions derived from the oxidizing sul- 
phides of the Ludwig ore body. Later devel- 
opment work at the mine showed, however, 
that the gypsum passes into anhydrite in 
depth, and Rogers' established conclusively 
that the gypsum originated from the anhydrite 
by hydration. It was assumed by Rogers that 
the anhydrite was originally formed during the 
evaporation of an inland sea. Jones,* how- 
ever, advanced the hypothesis that the anhy- 
drite resulted from the dehydration of a bed of 
gypsum originally laid down during the depo- 
sition of the Triassic rocks. He based his ex- 
planation on the fact that the Triassic at other 
places in Nevada where it has not been af- 
fected by intrusive igneous rocks contains in- 
terstratified beds of gypsum; but at Ludwig, 
where the Triassic is cut by granodiorite, 
anhydrite occurs, which is very probably 
therefore metamorphosed gypsum. If gypsum 
is heated at atmospheric pressure to 130° C. 
it loses all its water and becomes converted 
into anhydrite; at higher pressures the tem- 
perature of dehydration would be raised, in 
accordance with the law of Le Chatelier. Now 
the rocks associated with the anhydrite have 
been profoundly altered by thermal metamor- 
phism, as is described on pages 16-17 and shown 
in figure 2, and this leaves little doubt that 
the anhydrite, if originally gypsimi, was heated 
to a temperature high enough to effect its 
dehydration, notwithstanding its burial to con- 

sBaoaomay F. L., The Yerington copper district, Nev.: U. 8. Qeol. 
Survey BnU. 380^ pp. 112-113, 1909. 

'Rogen, A. F., The oeemrenoe and orighi of gypnim and anhydiita 
at the Liodwlg mine, Lyon County, Nov.: Boon. Geology, vol. 7, pp. 
18&-189, 1912; see also Notes on the occurrenoe of anhydrite in the United 
States: School of Mines Quart., vol. 38, pp. 128-130, 1915. 

« Jones, J. C, The origin of the anhydrite at the Ludwig mine, Lycn 
County, Nov.: Eoon. Geology, vol. 7, pp. 400-402 ,1912. 
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siderable depth. Obviously, however, no de- 
cisive evidence can be adduced in this area of 
intrusion, metamorphism, and faulting to es- 
tablish whether the bed was originally laid 
down as gypsum or as anhydrite. 

The deposit was formerly utilized as a com- 
mercial source of gypsum, as is described on 
page 62. 

CORRELATION OF THE TRIASSIO ROCKS. 

The Triassic rocks of Nevada were divided 
by Hague into two formations. The lower of 
these was called the Koipato and was described 
as consisting of quartzites and '^felsitic por- 
phyroids," aggregafmg roughly 6,000 feet in 
thickness. The porphyries were thought to be 
metamorphic sedimentary rocks. It was shown 
by Ransome,^ however, that the Koipato is 
dominantly of igneous origin. ''It consists of 
volcanic flows, mostly rhyoUtic but including 
also andesitic lavas, associated with tufl^, con- 
glomerates, grits, and limestones." The later 
work of Jones * and Schrader • in the recently 
discovered Rochester district, in the Humboldt 
Range, has confirmed this statement and has 
shown the wide textural variety of rhyohtes 
included in the Koipato formation. 

One of the more coarsely crystalline ''por- 
phyroids'' from Cottonwood Canyon, in the 
Humboldt Range, was analyzed for the For- 
tieth Parallel Survey,* as follows: 

Analyns ofrkyolUefrom the Humboldt Range, Nev. 
[M. R. Woodward, analyst ] 

SiOa 74.74 

AljOa 14.14 

FejOa 79 

OaO 1.51 

MgO 39 

NajO 92 

KjO 5.29 

Lo8B on ignition 1.88 

99.66 

This analysis shows that the rhyoUte is a 
normal potassic variety, and in this respect it 
differs very considerably from the soda-rich 
rhyolites in the Triassic of the Yerington 
district. 

I RansomeyF.lA, Notes on some mining dtetricts In Humboldt Coanty, 
Nev.: U. 8. Geol. Survey BuU. 414, p. 82, 1909. 

s Jones, J. C, Oeology of Rodiester, Nev.: Min. and Sd. Press, vol. 106, 
pp. 7S7-738» ItnS. 

« Schrader, F. C, The Bochester mining district, Nev.: U. S. Qeol. 
Survey BuU. 6S0^ pp. 314-^38^ 1915. 

« U. 8. Oeol. Expl. 40th Par. Rept., vol. 2, p. 722, 1877. 



The Star Peak formation overlies the Koipato 
and consists, as determined by Hague, of 
^' broad alternating zones of quartzites and 
limestones/' roughly estimated as 10,000 feet 
thick. According to Ransome, the stratigraphy 
and lithology of the formation are in need of 
detailed study. The formation is of Middle 
and Upper Triassic age, as established by 
Gabb, Meek, Hyatt and Smith, and J. C. Mer- 
riam. The Triassic of the Humboldt Range 
also contains thick lenses of gypsum,^ such as 
occur also in the Yerington district. 

The Triassic rocks of Nevada, as will be 
seen from the foregoing statements, attain a 
great thickness, possibly as much as 16,000 
feet, of which 6,000 feet is dominantly of 
igneous character. The locaUty nearest to the 
Yerington district at which Triassic fossils 
occur is in the Pine Nut Mountains, 15 miles 
northwest of the district. Here Whitney • and 
later Spurr^ found fossils in shaly limestone, 
but not much is known about the rocks of this 
locality. The Triassic probably occurs, ac- 
cording to Hill," at many places in western 
Nevada. In eastern Galifomia, in the Inyo 
Range, the Triassic appears in large volume; 
it includes here at least 4,500 feet of andesitic 
lavas, tuffs, and breccias.* The igneous rocks 
are interleaved with marine limestones whose 
fauna has been carefully studied by J. P. 
Smith and determined to be of Middle Triassic 
age. Lindgren^^ has assembled the information 
showing that the Triassic period was one of 
volcanic activity along the whole Pacific 
coast from Inyo County, Gal., to the Alaska 
Range. 

CBETACXOTTS (?) BOCKS. 
GENERAL RELATIONS. 

The Triassic rocks, after being folded, were 
invaded by a succession of igneous rocks, 
which, named in the order of their intrusion, 
are basic granodiorite, quartz monzonite, apUte, 
and quartz monzonite porphyry. These post- 

• Loaderback, Q. D., Basin Range structore of the Humboldt region: 
Geol. Soc. America Bull., vol. 15, p. 295, 1004. 

• Whitney, J. D., Cattfornia Qeol. Survey, vol. 1, p. 480, 1855. 

' Sporr, J. E., Descriptive geology oi Nevada south of the fortieth 
parallel and adjacent porttcns of Callfomia: U. 8. Qeol. Survey Bull. 206, 
pp. 122-123, 1008. 

< Hill, J. M., Some mining districts in northeastern Calif omia and 
northwestern Nevada: U. S. Geol. Survey Bull. 504, p. 20, 1015. 

• Knopf, Adolph, Mineral resoorces of the Inyo and White mountains, 
Cal.: U. S. Oeol. Survey Bull. 540, pp. 87-88, 1014. 

1* Lindgren, Waldemar, Igneous geology of the Cordilleras, in Problems 
of American Geology, pp. 250-252, Yale University, 1015. 
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Triassic intnisives are presumably of early 
Cretaceous age, like those of the Sierra Nevada, 
not many miles to the west. 

The granodiorite and quartz monzonite are 
areally the most important. Although no great 
interval of time separated their intrusions, 
these two rocks are chemically distinct, the 
quartz monzonite being much more siliceous 
and considerably lower in iron, magnesia, and 
lime. If they were derived from a common 
magma this implies a notable differentiation, 
but no trace of the hypothetically resultant 
basic differentiate occurs in the district. 

The invaded sedimentary rocks were in- 
tensely metamorphosed as a result of the 
intrusions, but whether this metamorphism is 
due to the granodiorite or to the quartz mon- 
zonite, or in part to both, could not be deter- 
mined. It is certain, however, that the quartz 
monzonite porphyry, the last member of the 
intrusive sequence, was injected after the 
metamorphism was effected. This matter, 
which is important in the genesis of the ore 
deposits, is discussed in detail on pages 43-44. 

MAJOR INTRUSIONS. 
GRAirODXOBITS. 

Granodiorite is the oldest granular intrusive 
rock in the district. It is most widely exposed 
in the area northeast of Ludwig, extending 
across the range to Mason Valley, and is quite 
homogeneous throughout its area. It is a gray 
medium-grained equigranular rock, showing no 
megascopic quartz, and resembles a diorite. 
• Under the microscope plagioclase (Ab^An^) 
is seen to be the dominant constituent; it 
occurs as tabular crystals which are alined 
roughly parallel, thus giving the granodiorite 
a distinctive structure. Hornblende and bio- 
tite, occurring in about equal quantities, are 
the ferromagnesian minerals. Microcline and 
quartz are subordinate components, the quartz 
being perhaps just sufficiently abundant to 
warrant naming the rock a granodiorite. The 
accessory minerals are magnetite, which is 
relatively abundant, titanite, apatite, and 
xenotime (?). In the following table is given 
an analysis of the granodiorite, made on a 
specimen from an altitude of 5,540 feet on the 
road west of the Bluestone mine, together with 
analyses of the quartz monzonite that intrudes 
the granodiorite. 



Analytes of granodiorite and quartz momanite from the 

Yerington diHrict, Nev. 



SiOo.. 

AlA- 
FejOg 

FeO.. 

MgO.. 

CaO.. 

NaoO. 

KaO.. 

H2O- 

H«OH- 

TiOj.. 

ca... 

BaO.. 
SrO... 



1 


2 


57.90 


68.35 


16.38 


14.71 


3.02 


1.69 


3.66 


1.47 


3.13 


1.11 


6.33 


3.11 


4.10 


4.28 


2.52 


3.54 


.18 


.31 


.89 


.46 


1.12 


.57 


None. 


None. 


.08 


.14 


.42 


.20 


.09 


.04 


.06 


.06 


.08 


.07 


99.96 


100.11 



67.70 

15.95 

L53 

1.14 

1.23 

2.70 

4.83 

3.74 

.19 

.36 

.23 



99.60 



a Undetermliied. 

1. Granodiorite. George Steiger, analyst. 

2. Quartz monzonite. Geon?e Stei^r, analyst. 

3. Quartz monzonite. D. T. Smim, analyst; Califor- 
nia Univ. Dept. Geology Bull., vol. 4, p. 20, 1905. 

The chemical analysis confirms the deduction 
drawn from the mineral composition that the 
rock is a basic end member of the granodiorite 
group; indeed, the rock might equally well be 
termed a tonalite or diorite. The rock closely 
resembles the granodiorite from Donner Pass, 
in the Sierra Nevada.* 

QUABTZ Kovzoirrrx. 

GENERAL FEATURES. 

Quartz monzonite appears in large rolume 
southeast of Ludwig and occupies the entire 
width of the range. It probably makes up 
much of the range south of the mapped area, 
for it is prominently exposed in the lower part 
of the canyon of West Walker River, where 
this stream cuts through the range. . 

The intrusive relation of the quartz mon- 
zonite to the granodiorite is clearly shown 
northwest of the Bluestone mine, where 
apophyses of quartz monzonite penetrate the 
granodiorite. The contact between the two 
rocks is sharp: the quartz monzonite main- 
tains its character imchanged within half an 
inch of the boundary, but here it has a salic 
selvage, narrow dikes of which cut the grano- 
diorite. This absence of contact chilling leaves 

1 Lindgren, Waldemar, Granodiorite and other intermediate rocks: 
Am. Jour. Scl. , 4th ser. , vol . 9, p . 273, 1900. 
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little doubt that the quartz monzonite was 
intruded soon after the granodiorite. 

The quartz monzonite is a coarsely granular 
aggregate consisting of plagioclase, orthoclase, 
quartz, hornblende, and biotite. It is char- 
acterized especially by large imperfect crystals 
of pearl-gray orthoclase, which give it a rude 
subporphyritic aspect. The plagioclase is white 
and contrasts plainly with the. pearl-gray 
orthoclase; it is easily seen that the two kinds 
of feldspar occur in about equal quantities, 
and as a rule the rock is therefore readily 
recognizable as a quartz monzonite. It dijffers 
from the granodiorite most obviously in its 
coarser grain, its roughly phenocrystic ortho- 
clase, and its m^ascopic quartz. Areally the 
quartz monzonite is nearly uniform in struc- 
ture and mineral composition. The most 
noteworthy departure from this uniformity 
is in the tips of the apophyses that penetrate the 
lime-silicate rocks southeast of Ludwig; here 
the quartz monzonite grades into coarse 
p^matite, which commonly shows local de- 
velopment of graphic structure and is in places 
slightly tourmaliniferous. 

Under the microscope the potassium feldspar 
of the quartz monzonite proves to be mainly 
perthitic microcline. The characteristic plaid 
twinning of microcline is rather unequally 
developed, and some of the feldspar resembles 
orthoclase but is doubtless microcline, in con- 
formity to the rule that microperthite is an 
'* unmixed" solid solution in which the ortho- 
clase has inverted to microcline during the 
'^unmixing. "^ The plagioclase is an oligo- 
dase of the composition Abj^Anss, a compo- 
sition found to prevail in specimens from widely 
separated localities. Quartz is prominent, and 
biotite and hornblende in about equal amounts 
are the dark minerals. Myrmekite (a peculiar 
intergrowth of quartz and microcline) is a subor- 
dinate constituent, and magnetite, titanite, 
apatite, and zircon are the accessory minerals. 
Epidote is a minor secondary constituent. 

A chemical analysis of the quartz monzonite 
is given in column 2 on page 20; it fully con- 
firms the mineralogic evidence in showing that 
the quartz monzonite differs notably in com- 
position from the granodiorite. The content 
of potassa is somewhat lower than the m^a- 
scopic evidence suggested, but this discrepancy 

I Warren, C. H., A quantitative study of certain {Mrthltic feldspars: 
Am. Acad. Arts and Sd. Proc., vol. 51, p. 151, 1915. 



appears to be due to the fact revealed by the 
microscope that the potassium feldspar is mi- 
croperthitic. The specimen analyzed was ob- 
tained near Mickey Pass, and for comparison 
an earher analysis of a specimen obtained by 
D. T. Smith about 1^ miles southwest of this 
locality is given (column 3); it agrees closely 
with the later analysis. 

In chemical composition the granodiorite 
and quartz monzonite of the Yerington dis- 
trict resemble those of the Sierra Nevada, 
especially in their dominantly sodic character. 



SCAPOIITIC AI/TBRATION. 



The quartz monzonite is profoundly scapoli- 
tized at two localities — one west of the Mc- 
Connell mine and the other on the 6,225-foot 
hill east of Ludwig. The second occurrence is 
the more noteworthy of the two. The quartz 
monzonite of this locahty, which is several 
hundred feet from the contact, is traversed by 
a system of scapoHte and epidote veins, and 
the intervening rock is scapolitized and epi- 
dotized on a laige scale. The rock contains 
veinhke masses as much as 2 feet wide that 
consist soUdly of white scapohte, which is in 
radial columnar groups attaining 8 inches in 
length. The adjoining wall rock, where it is 
not highly epidotized, resembles a coarse- 
grained gabbro, but under the microscope it 
proves to consist of scapolite, pyroxene, epi- 
dote, quartz, titanite, and apatite. Scapolite 
predominates; it is subhedral, and its refrac- 
tive indices as determined by immersion in 
oils (u) 1.55 and c slightly less than 1.54) show 
that it is practically a pure sodiiun scapolite. 
None of die original minerals of the quartz 
monzonite remain, except some quartz, and 
even this is in greatly reduced amount. 

The scapolitic and epidotic alteration, it is 
clear, did not take place around blocks of sedi- 
mentary rock engulfed in the quartz monzo- 
nite but was determined in large measure by 
a system of steeply dipping joints along which 
the metamorphosing solutions flowed. 

MINOR INTRUSIONS. 



Aphte is not common in the district. It is 
practically absent from the granodiorite and 
quartz monzonite areas but occurs as sporadic 
dikes in the metamorphic rocks which they in- 
vaded. In places it is difficult to distinguish 
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in the field aplites from felsites that have been 
thermally metamorphosed; and for this reason 
the amount of aplite shown in Plate I to occur 
southwest of the Bluestone mine is possibly 
too large. Although aplite occurs in the dis- 
trict, pegmatite does not, except for the very 
minor amount in the ends of the quartz mon- 
zonite apophyses. The aplite that cuts the 
large apophysis of quartz monzonite penetrat- 
ing the granodiorite north of the Bluestone 
mine is a snow-white fine-grained rock wholly 
devoid of dark minerals. It is rudely porphy- 
ritic through the occurrence of quartz in small 
subhedral phenocrysts. Microscopically it 
proves to consist of orthoclase, oligodase, and 
quartz. An aplite dike occurring in the gar- 
netites and woUastonite rocks near the Blue- 
stone mine is found under the microscope to be 
composed of albite and quartz. 

QUABTZ KOHZOVITB PORPEYBY. 

OCCURRENCE AND CHARACTER. 

Dikes and stocks of quartz monzonite por- 
phyry are common in the district. They cut 
all tie pre-Tertiary rocks, inclusive of the 
aplites that followed the quartz monzonite in- 
trusion. The dikes are particularly abundant 
in the granodiorite northeast of Ludwig, where 
they are noteworthy for their branching and 
gangliform character. They range from varie- 
ties 80 highly crowded with phenocrysts as to 
closely resemble granitic rocks to porphyries 
having an aphanitic groundmass. The por- 
phyries of the stocks and the laiger dikes are 
the most nearly granular, but even in dikes 
that are only 10 feet wide and traverse calc- 
silicate rocks the phenocrysts predominate 
over the groundmass. 

A common feature of all the dikes is that the 
orthoclase occurs as large porphyritic crystals 
of pearl-gray color. Plagioclase phenocrysts 
are nimierically more abundant but are much 
smaller. Hornblende is the sole ferromag- 
nesian mineral; it is usually altered, commonly 
to epidote. Many of the plagioclase pheno- 
crysts also are pseudomorphously altered to 
epidote; in fact, no material was found in any 
of the many dikes of the district that was 
wholly free from epidotization and as altera- 
tion of this kind is commonly associated with 
the copper metallization, it arouses the sus- 
picion that the dikes afforded paths of escape 
for mineralizing solutions. 



A certain range of chemical composition of 
the porphyries is indicated by the range in the 
abundance of quartz phenocr3^t8 in different 
dikes. In some the prevalence of rounded di- 
hexahedrons of quartz is the most obvious 
macroscopic character; in others, however, 
quartz phenocrysts are so rare that they can be 
found only after the most searching inspection. 
These differences suggest that the varieties 
practically devoid of quartz phenocrysts may 
be granodiorite porphyries that were injected 
shortly after the intrusion of the granodiorite 
and before the intrusion of the quartz monzo- 
nite; and that those dikes rich in quartz pheno- 
cr3^ts are quartz monzonite porphyries that 
were injected after the intrusion of the great 
mass of quartz monzonite. The crucial test of 
this hypothesis is in the intersection of the two 
kinds of porphyries, but although dikes are 
common in the district none were found to in- 
tersect. Furthermore, as there appears to be a 
gradation in degrees of prevalence of quartz 
phenocrysts in different dikes, it was felt to be 
rather too fine a distinction for field use to 
attempt to discriminate between granodiorite 
porphyries and quartz monzonite porphyry, 
and so all were mapped as quartz monzonite 
porphyry. 

The porphyries differ from the granodiorite 
and quartz monzonite in the absence of biotite 
and, as shown by the microscope, in the absence 
of magnetite, which is an abundant accessory 
mineral in the granular rocks. They thus show 
an impoverishment in iron and magnesian 
minerals, indicating that at the time they were 
injected the parent magma had begun to 
differentiate, as indeed is indicated by another 
line of evidence, in that the porphyry dikes 
intersect aplite dikes that followed the intru- 
sion of the quartz monzonite. 



PETROORAFHIC DETAILS. 



Two porphyries, representing the extreme 
varieties in respect to the abundance of quartz 
phenocrysts, have been selected for special 
description. One of these was obtained from a 
mass of porphyry intrusive into the quartz 
monzonite southeast of Mickey Pass. It is a 
white rock that on casual inspection appears to 
be coarsely granular but on closer observation 
is seen to be highly porphyritic, a feature most 
apparent from the abimdant corroded dihexa- 
hedrons of quartz. It carries sporadic lai^e 
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phenocryBts of orthodase, innximerable striated 
crystals of glassy plagioclase, and lesser 
amounts of hornblende. The individual crys- 
tals of orthoclase are from 8 to 27 times as large 
as the individual plagiodase crystals, but as 
the phenocrysts of plagiodase far outnumber 
those of orthodase the amoimts of orthoclase 
and plagiodase present are roughly the same. 
At the contact with the quartz monzonite this 
almost granular porphyry has a notably chilled 
border. The resulting porphyry is character- 
ized by its smaller phenocrysts, which amoimt 
to roughly haJf the bidk of the rock, and its 
aphanitic groimdmass. Under the microscope 
the normal porphyry is foimd to carry pheno- 
crysts of orthodase, oligodase, quartz, and 
hornblende in a groimdmass that forms not 
over 15 per cent of the bulk of the rock. The 
orthodase contains idiomorphic indusions of 
plagiodase and titanite, as well as irregular 
patches of quartz suggestive of the "unmixing" 
of an originally homogeneous solid solution; the 
oligodase dominates numerically and has the 
composition Ab^o An^o; the quartz crystals are 
magmatically corroded; and the hornblende is 
pale green, reedy, and anhedral. The ground- 
mass is an irregular intergrowth of quartz and 
oligodase, the oligodase being in places poorly 
idiomorphic. Titanite and apatite are the 
accessory minerals; titanite is the more abim- 
dant and occurs as crystals nearly as large as 
the hornblende prisms. 

The other porphyry selected for special 
description occurs in the hanging-wall coimtry 
rock of the Ludwig lode. It carries scattered 
crystals of pearl-gray orthodase ranging from 
12 to 15 millimeters in length, innumerable 
plagiodase crystals averaging about 4 miUi- 
meters, and euhedral prisms of hornblende 10 
millimeters long. So well does the groimd- 
mass blend with the rest of the rock that the 
general effect is that of a somewhat porphyritic 
monzonite. When examined under the micro- 
scope, however, phenocrysts and groimdmass 
are found to be sharply contrasted and, as 
measured by the Rosiwal method, to be roughly 
equal in amount. The plagiodase, as in the 
other porphyry, is an oligodase of the com- 
position Abyo An^o; some of the crystals are 
completely altered to epidote. The porphyry 
contains sporadic individuals of quartz which 
are highly corroded and very small, not ex- 
ceeding 0.6 millimeter in length. The ground- 



mass is an imperfect micrographic intergrowth 
of quartz and orthoclase. Titanite and apa- 
tite, occurring as comparatively large crystals, 
are the accessory minerals. Although this por- 
phyry is macroscopically widely different from 
the other one, the microscopic analysis appears 
to minimize the difference in chemical compo- 
sition that would be assumed to exist between 
them: In one the quartz is all in the ground- 
mass and in the other it is mainly in the 
phenocrysts. 

TEBTIABY SOCKS. 
THE SECTION IN GENEBAL. 

The Tertiary period is represented in the 
Yerington district by three major subdivisions, 
which are separated by two well-marked un- 
conformities. The rocks are probably all 
younger than middle Miocene. The lowest 
member consists chiefly of rhyoUte with some 
intercalated fluvial and lacustral sediments 
tilted at angles of 15° to 65°; the middle mem- 
ber consists of andesite; and the upper member 
consists of basalt in horizontal sheets capping 
a conglomerate. The Yerington section is thus 
dominantly volcanic, and it aggregates roughly 
7,000 feet in thickness. The columnar section 
is shown in figure 3. 

CONGLOMERATE AT THE BASE OF THE TEBTIARY 

SECTION. 

At the base of the Tertiary section there is 
generally a conglomerate resting on granodior- 
ite. It consists of cobbles and of boulders as 
much as 6 feet in diameter, all of which are 
well rounded but are imsorted and unstratified. 
These features suggest that the conglomerate is 
probably of fluvial origin. Although consisting 
mainly of andesite cobbles, it contains sporadic 
boulders of granitic rocks and siliceous sedi- 
ments. Boulders of granodiorite 6 feet in 
diameter were seen. The conglomerate is at 
most 150 feet thick. It is persistent enough to 
be mapped, and its distribution is shown on 
Plate I (in pocket) . 

LATITE SERIES. 
LATITE VITROPHTRE. 

A series of lavas, characterized by their 
columnar structure and dark-red or brown color 
on weathered surfaces, overlie the conglomerate. 
The basal member of this series is a highly dis- 
tinctive flow of black porphyritic glass, which 



24 



GEOLOGY AKD OBE DEP0SIT8 OF TKBDrOTOV DISTRICT, KET. 



attains a maximnm thickness of 100 feet. It 
rests on tlie cong^merate where that member 
is present, but elsewhere it lies directly on the 
granodiorite. It occurs at widely separated 
localities and inyariably in the same strati- 
graphic position and is consequently a good 
horizon marker. 




t 

I 



9ub«o^l«r 



Hombtonde andesfte 



TKTn 
overtmn 







*•/ »- 






\, 



And>«ito brmcd* 



7//. m/JJi^J!7^ 






•A:^:<c^' 









■I 'M. . 



r--— n 






i? 



Quarts Ictiie owrlying a 
flow of biotitc -pyroK«n« 
latit« vitrophyra 



Fluvial conglomerate 

Granodlori^ and quartz 
monzonita intrusive into 
TriasAic andcft4te,felftita, 
and limaatone 




>A9lcanic^ 



Loo^ anDai0(% , 
interval 



FiovRK 3.— Columnar section of the Tertiary rocks In the Yerlngton 

district. 

The glass flow has at some localities an excel- 
lont columnar structure. The columns, which 
doubtloss originally stood vertical, now dip at 
angles of about 30° E. as a result of the west- 
ward tilting of the latito sorios. The glass flow 
attains its greatest thickness, roughly 100 feet, 
near the Montana-Yerington mine; toward the 
south it gradually decreases in thickness, and 
W(»st of Mason it is only 6 to 8 feet thick. On 
accomit of its thinness the glass flow has been 



m^yped wilh the OTerlying seriea ctf quartz 
latiiea. 

The yitrophyre is stnkmglT fresh, being 
coated only with a thin film of decomposition 
products. It consists of a black lustrous ^ass 
carrying numerous crystals of |dagioclase and 
splendent foils of biotite. Under the micro- 
scope the yitrophyre shows a marked fluidal 
structure, which in its swirls incloses many 
phenocryBis, mainly of plagioclase, biotite, and 
pyroxene. The plagioclase, of the composi- 
tion Ab^^AuMy predominates; it is generally 
more or leas angular, but some of it is partly 
embayed. Sonidine occurs sparsely in some 
thin sections but fails in others, and it is 
eridently a rare constituent of the vitrophyre. 
Biotite, commoaly bent, is the chief ferro- 
magneaian mineraL Both augite and an 
orthorhombic pyroxene, which is either bronz- 
ite or enstatite, occiu:. Hornblende, magnet- 
ite, and apatite are accessory minerals. The 
glass is highly flow streaked, deep-brown ^hiss 
alternating with light, almost colorless streaks, 
as may be partly seen in Plate II, B; it is com- 
pletely isotropic, and its index is found by the 
immersion method to be 1.50. The micro- 
scope fully confirms the megascopic impression 
that the rock is ideally fresh. 

The analysis of a specimen obtained north- 
east of Hason, given below in column 1, was 
made in the laboratory of the Geological 
Survey: 

Analyiea oflavoifiom the Yerington and Tonopah districts. 

[Oeoise Stel^er, analyst.] 




SiO,... 

Feb.. 
MgO.. 
CaO... 
Na-O.. 

H^O- 

H;,0+ 

TiOa.. 
ZrO,.. 

ca... 

DaO... 
SrO .. 



66.03 

14.98 

1.65 

1.67 

.99 

2.62 

3.60 

4.34 

.44 

2.46 

.48 

None. 

.07 

.11 

.07 

.11 

.08 



99.70 



71.71 

14.00 

1.06 

.51 

.43 
2.25 
3.21 
4.41 

.44 
1.38 

.28 



.07 



99.75 



1. Biotite-pyroxene latite vitrophyre, Yerington district. 

2. Dacitic rnyoUte, Brougher Mountain, Tonopah. 
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The high potassa content is probably the 
most noteworthy fact disclosed by the analysis 
and shows that the vitrophyre falls into the 
latite group; the silica, however, is somewhat 
higher than in typical latites, corresponding 
rather with tha^of the rocks in recent years 
termed quartz latite. As only a small part of 
the potassa is contained in the biotite and the 
amount of sanidine in the vitrophyre is insig- 
nificant, the bulk of the potassa is locked up in 
the glass groundmass. 

The analysis of the vitrophyre corresponds 
more closely with that of the Brougher dacitic 
rhyolite (colmnn 2), as Spurr terms it in his 
latest report on the geology of Tonopah,* than 
with that of any other lava in that district.' 
It agrees closely in lime, soda, and potassa, but 
the Brougher rock, which in the nomenclatxu-e 
here employed would be called qucu-tz latite, is 
somewhat higher in silica. 

QVABTZ LATZTXB. 

A distinctive series of lavas overlies the glass 
flow or, where the glass is absent, the conglom- 
erate at the base of the Tertiary section. These 
lavas are characterized by their brown color 
and well-marked columnar structure. They 
are highly porphyritic, containing niunerous 
crystals of plagioclase, quartz, and biotite; in 
the field they were therefore called dacites. In 
some of the lower flows the quartz phenocrysts 
are sparse or lacking, and consequently some of 
these flows resemble andesites. Toward the 
top of the series the quartz phenocrysts become 
abundant and sanidine appears and becomes 
prominent; in short, there is a complete grada- 
tion into the rhyoUtes of the overlying series. 
The boundary between them and the rhyoUtes 
drawn on the geologic map (PL I) is therefore 
purely arbitrary. 

The lavas of this group are best shown along 
the east front of the range, in the northern part 
of the area mapped. The columnar structure 
is especially conspicuous here, and as the lavas 
weather dark red and brownish red the series, 
viewed in the large, is of basaltic aspect. The 
columjis, of which part SLre hexagonal and pcu't 
are of other perimeters, are 10 feet long and dip 
15° E. The lavas aggregate several hundred 
feet in thickness here, 500 feet being probably 

1 Spurr, J. E.y Oeology and oro deposition at Tonopah, Nov.: Econ. 
Geology, vol. 10, p. 746, 1915. 

s Spurr, J. £., Geology of the Tonopah mining district, Nev.: U. 8. 
Qeol. Survey Prof. Paper 42, p. 57, 1905. 



the maximum, but they thin toward the south; 
nesLT Mason only the basal glass flow is left, and 
this itself, as before noted, is but a few feet 
thick. They occur, however, on the west 
flank of the range. 

A specimen taken from a flow immediately 
above the biotite-pyroxene latite vitrophyre 
proves microscopically to be a porphyry whose 
groundmass is a glass of markedly fluxional 
structure. Plagioclase (AbeoAn4o) predominates 
among the phenocrysts. Biotite is common. 
Quartz phenocrysts are rare, and sanidine in 
large sporadic crystals is still less common. In 
the flows higher in the sequence the microscope 
verifies the observation that the quartz and 
sanidine phenocrysts are abundant and shows 
that plagioclase is rare. In view of these 
features the lavas are called quartz latites. 

RHYOLrrB. 

Rhyolite is the dominant Tertiary volcanic 
rock of the district. It makes up a thick series 
of tuffs, breccias, and lavas in which the pyro- 
dastic members predominate. They are hght- 
colored rocks, white, ash-gray, and pink being 
the principal colors. As a rule they are con- 
spicuously porphyritic and carry numerous 
phenocrysts of quartz, sanidine, and biotite. 
They are quite uniform in mineral composi- 
tion, and save a few scattered phenocrysts of 
plagioclase they carry none but the three 
minerals mentioned. 

The rhyoUtes dip 15°-65° W., averaging 
about 45° W., and they trend nearly parallel 
to the range. Their attitude is readily deter- 
minable, as thin well-bedded volcanic grits are 
interstratified with them from place to place. 
A thin layer of such grits, containing consider- 
able sihcified wood, occurs 1,800 feet above the 
base of the rhyoUtes in the section west of 
Mason, and a belt of grits, 430 feet thick, occurs 
at the top of the section, near the Bluestone 
mine. The upper belt contains a conglomeratic 
bed 30 feet thick made up of a great variety of 
pebbles, including quartz and andesite, which 
range from angular to well roimded. The 
thickness of the rhyoUte series, including the 
upper belt of grits, is about 4;000 feet. 

Besides the grits mentioned, some thin lenses 
of coarse conglomerate, indicative of stream 
washes, are intercalated in the rhyoUtes. One 
of the more notable of these occurs at about 
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the horizon of the lower grit ; it consists of well- 
ronnded cobbles and boulders 6 feet in maxi- 
mum diameter. Thebotdders comprise andes- 
ite, quartzite (or felsitet), and granite. Much 
rhyolite occurs between the boulders, but this 
is in angular fragments. These features clearly 
indicate the filling of a stream channel, in 
which the fragments that have been carried 
some distance from their sources, as is obvi- 
ously true of the andesite, granite, and quartz- 
ite, are well roimded, whereas the material of 
local derivation is likely to be angular. 

A conspicuous member of the rhyolite series 
is the tuff that forms the ridge just west of the 
Mason Valley mine. It is made up of frag- 
ments of rhyoUte and crystals of quartz, sani- 
dine, and sporadic biotite in a dense matrix 
which the microscope shows is composed largely 
of glass sherds. The structure is typically 
vitroclastic, as defined by Pirsson. 

ANDESriE BBEOOIA. 

A coarse andesite breccia overUes the rhyo- 
lites conformably near the Bluestone mine. 
Above the grits near the top of the rhyoUte 
series is a white rhyolite tuff overlain by a 
biotite. andesite tuff. The andesite tuff is a 
light-gray rock containing numerous dark por- 
phyritic fragments (probably andesite), angular 
crystals of plagioclase G^bradorite), and bio- 
tite flakes, commonly in unbroken hexagonal 
crystals. The matrix proves imder the micro- 
scope to be composed of finely comminuted 
glass sherds. Like other vitroclastic rocks in 
the district, it is firmly lithified. 

The coarse andesite breccia, comprising frag- 
ments as much as several feet in diameter, 
rests above the biotite andesite tuff. It makes 
up the main part of the formation, which at- 
tains a thickness of 1,400 feet. The formation 
occurs only in a small area between the Mason 
Valley and Bluestone mines; originally it was 
doubtless somewhat thicker, as its upper hmit 
is the strong fault that has brought the Ter- 
tiary rocks down against the Triassic. Lo- 
cally, however, some rhyoUte overlies it, but 
as shown in the lower tunnel of the Bluestone 
mine, 130 feet from the portal, this contact is 
highly sheared and shckensided, so that the 
relation of the overlying rhyohte to the andes- 
ite breccia is obscure. 

The andesite of the breccia is a gray highly 
porphyritic variety, the phcnocrysts forming 



half its bulk. Hornblende in stout prisms is 
the most conspicuous component to the unaided 
eye, but under the microscope the feldspar 
(labradorite) is seen to dominate strongly. The 
groimdmass is glassy and contains innumerable 
minute crystals of feldspar. Biotite occur, 
sparingly together with the hornblende in 
some of the andesite. 

HOBNBLENDE ANDESrPE. 

A succession of andesite flows rests in places 
on the eroded edges of the rhyolites. These flows 
dip 25° E., whereas the imderlying rhyolites dip 
45° W. They are probably best exposed on 
the east scarp of the 5,995-foot hill northeast 
of Ludwig; the section here consists of a basal 
breccia, about 100 feet thick, overlain by five 
thin sheets of columnar lava. On the south- 
west side of the 6,100-foot peak the basal brec- 
cia is underlain by a thin conglomerate, as 
shown by the occxirrence of well-rounded cob- 
bles. The thickness of the andesite series 
appears not to exceed 300 feet. 

A distinctive andesite predominates. It is 
a gray lava characterized by numerous slender 
prisms of hornblende in roughly parallel orien- 
tation and averaging 0.2 inch in length. It 
carries no feldspar phenocrysts. Under the 
microscope the hornblende phenocrysts are 
seen to be embedded in a holocrystalline 
fluidal groimdmass composed largely of feldspar 
prisms near Ab^^^Aiiso in composition, together 
with subordinate augite and accessory mag- 
netite and apatite. This rock may be termed 
a hornblende andesite, to distinguish it from 
other andesites in the district, though that 
term is commonly given to andesites carrying 
both plagioclase and hornblende phenocrysts. 

The hornblende andesite occurs as dikes in 
many of the rocks of the district. It cuts the 
quartz monzonite porphyry near Yerington 
station, is intruded along a fault separating 
quartz monzonite from hmestone in the 
McConnell mine, and is fairly common as 
thick dikes cutting the rhyolites. 

CONGLOMERATE. 

The next yoimger member of the Tertiary 
sequence is a mass of loosely cemented gravel 
or conglomerate, represented chiefly by the 
deposits occurring beneath the basalt-capped 
mesas southwest of Mason. They comprise 
a wide variety of rocks, including much rhyolite, 
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and are subangular and poorly sorted. Their 
greatest thickness is 300 feet. 

A body of similar material occurs east of 
the Mason Pass road, not far from the Martha 
Washington prospect. It is composed largely 
of subangular fragments of different varieties 
of andesite; granitic rocks are fairly common, 
but rhyolite is scarce. Boulders as much as 
several feet in diameter occur in it. Prospect 
pits show it to be \mshingled, unsorted, and 
unstratified. 

BASALT. 

Basalt is the youngest igneous rock in the 
district. It caps the high mesas in the southern 
part of the area mapped and is generaUy under- 
lain by gravels. It forms a superposed succes- 
sion of nearly horizontal flows, which aggregate 
200 feet in thickness. It has been slightly 
tilted since it was erupted and has been much 
faulted; in fact, the present rehef of the range 
has resulted largely from postbasaltic faulting. 

The basalt is a dark rock showing to the 
unaided eye sporadic small phenocrysts of 
pyroxene only. Microscopically it proves to 
be composed essentially of calcic labradorite 
and augite. The labradorite predominates; 
the larger crystals are euhedral, but as there 
is a continuous gradation between these and 
the smallest the structure approaches the 
seriate porphyritic. The augite is in two 
generations, the earlier crystals as phenocrysts, 
about the size of the largest feldspars, and the 
later as small prisms and grains lying inter- 
stitially between the smaUer feldpsars. Olivine 
occurs sporadically in small grains, but most 
of it has altered to iddingsite. Magnetite is 
a minor accessory mineral. 

COKRELATION OF THE TEBTLABY BOCKS. 

The andesitic detritus in the fluvial con- 
glomerate at the base of the local Tertiary sec- 
tion shows that the eruption of the volcanic 
rocks now occurring in the Yerington district 
had been preceded in earher Tertiary time by 
the eruption of an andesitic series. 

The rhyohtes, including the underlying 
quartz latites and the glass flow and the con- 
formably overlying andesite breccia, probably 
correspond in age to the Esmeralda formation, 
which consists of lacustral beds, tuffs, and in- 
tercalated terrestrial deposits. They appear 
to represent a phase of the Esmeralda forma- 



tion that accumulated in an area where vol- 
canic aggradation predominated. The age 
of the Esmeralda formation has recently been 
shown by Merriam * to be approximately 
upper Miocene. The correlation proposed is 
suggested (1) by the similarity of stratigraphic 
relations: the rhyolites are younger than a 
preexisting andesite series, as is true of the 
Esmeralda formation, which overlies uncon- 
formably a series of andesitic lavas and is itself 
xmconformably overlain by later lavas; ' (2) 
by a certain amount of lithologic resemblance: 
much rhyolite tuff and andesite (latite) tuff 
occur in the Esmeralda; ' (3) by the fact that 
the degree of tilting and amoxmt of faulting of 
the two formations are of the same order; and 
(4) by the paleontologic evidence. 

No fossils were foimd in the rhyolitic series 
during the present examination, but some 
fragments of vertebrate bones had been obtained 
by Smith ^ 10 miles east of Yerington, in rocks 
that he regarded as belonging to the same 
formation. The fossils were originally re- 
ported on by W. J. Sinclair,^ who pronounced 
them to be '^probably late Miocene or Plio- 
cene.' ' Since this determination was made 
knowledge of the Great Basin faunas has in- 
creased greatly, and it seemed desirable to re- 
view the evidence in the light of the new in- 
formation. Prof. J. C. Merriam has kindly 
reexamined the original collection and reporte 
as follows: • 

The collection consists of a few fragments and the 
greater part of an ankle bone. The fragments are inde- 
terminable. The ankle bone represents a huge camel, 
which seems to me to be specifically different from the 
laige species represented by an ankle bone from the 
Cedar Mountain or Esmeralda beds. One could not 
safely state more than that the formation from which 
these bones came is somewhere between middle Miocene 
and middle Pliocene. 

QUATEBNABT DEPOSITS. 

The Quaternary deposits consist of gravel, 
sand, and silt. The gravel is angular and 
unsorted and occurs in a series of alluvial 



1 Merriam, J. C, Tertiary vertebrate fauna from the Cedar Mountain 
region of western Nevada: California Univ. Dept. Geology Bull., vol. 9, 
pp. 165-172, 1916. 

t Buwalda, J. P., Tertiary mammal beds of Stewart and lone valleys 
in west-centeal Nevada: California Univ. Dept. Geology Bull., vol. 8, 
p. 348, 1914. 

s Turner, H. W., Contribution to the geology of the Silver Peak quad- 
rangle, Nevada: Gool. Soc. America Bull., vol. 20, pp. 254-255, 250, 1910. 

* Smith, D. T., California Univ. Dept. Geology Bull., vol. 4, p. 8, 1905. 

»Idem, p. 10. 

•Letterof Nov.9, 1916. 
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cones along both flanks of the range; laterally 
it grades into the silts of the valley bottoms. 
Thick deposits of clean sand of obscure origin 
occur toward the heads of some of the can- 
yons, notably in Sand Canyon, where sand is 
present up to altitudes of 5,600 feet. These 
deposits are now deeply dissected. 

No Lahontan beach hnes occur in the dis- 
trict. ^The elevation of the Lahontan beach 
around Walker Lake, as determined from the 
position shown on Plate XV of Russell's 
monograph^ and from the altitudes in the 
Hawthorne quadrangle, is approximately 4,250 
feet, which is somewhat lower than Russell's 
own estimate — 4,378 feet.' As the lowest 
altitude in the mapped area of the Yerington 
district is 4,350 feet, the absence of strand 
lines conforms with the probabilities. 

QEOLOaiC STBUCTUBE. 

The geologic structure of the district is 
rather intricate in detail. This is especially 
true of the area underlain by the Triassic lime- 
stones and associated rocks — the area that is 
of main economic interest. The Triassic con- 
sists of steeply tilted rocks, greatly faulted, 
extraordinarily metamorphosed, and intruded 
by numerous igneous rocks. Upon the eroded 
surface of these older rocks rests a series of 
Tertiary rocks, dominantly of volcanic origin. 
These are of broadly simple structure, though 
examination soon discloses that they conceal 
a rather eventful tectonic history. (See Pis. 
I and III.) 

Three periods of faulting at least can be 
recognized — one accompanying the intrusion of 
the Cretaceous igneous rocks, and two in the 
Tertiary; of these the last is postbasaltic. 

The earliest faulting that can be dated ap- 
proximately is that which occurred soon after 
the intrusion of the quartz monzonite porphyry- 
dikes, though it is probable that some faulting 
accompanied the intrusion of the granodiorite 
and quartz monzonite. Many of the dikes are 
broken by faults, and along some of these 
faults contact-metamorphic silicates have 
formed, as is well shown, for example, near the 
boarding house at the Malachite mine, where 
masses 20 feet wide composed of garnet, epi- 
dote, and lamellar pyroxene occur along the 

1 Russell, I. C, Geological history of Lake Lahontan: U. S. Oeol. 
Survey Hon. 11, 1885. 
'Idem, p. 101. 



fatdt contact between Hmestone and felsite. 
The silicates replace both limestone and felsite 
but mainly the limestone. Contact-metamor- 
phic silicates occur along other faults, many of 
which were first recognized during the field 
work by the fact that the porphyry dikes abut 
against them. It is noteworthy that the ends 
of some of the dikes abutting upon the faults 
have been profoundly epidotized or gametized. 
Copper-bearing minerals occur in some of the 
belts of silicates along the faults, and such 
faults were thus places of ore deposition; but 
this phase of the matter is discussed in more 
detail elsewhere in this report. The develop- 
ment of garnet and allied silicates, minerals 
that form only at relatively high temperatures, 
proves, then, that the^ faults were formed 
shortly after the injection of the dikes that they 
displace. 

The displacement can rarely be determined, 
as the severed ends of the dikes on opposite 
sides of the faults as a rule can not be found. 
This wotdd appear to indicate that the faults 
are generally of considerable magnitude. 
Some, in fact, clearly represent large displace- 
ments, inasmuch as rocks widely separated 
stratigraphically have been brought into con- 
tact, as near the Western Nevada mine, where 
andesite has been brought against massive 
hmestone. 

During the Tertiary period faulting occurred 
on a large scale, certainly at two different times 
and probably at three different times. The 
earhest faulting coincided with the tilting of the 
rhyolites. It was during this deformation 
that the rhyolites were faulted down against 
the pre-Tertiary rocks. As shown by the 
structure sections in Plate III, these faults in- 
volve vertical displacements of 5,000 to 10,000 
feet; but owing to the lack of close, detailed 
study of the rhyolite area north of Mickey Pass 
it can not be affirmed that displacements of 
this total magnitude were effected along single 
fault surfaces. One of the most prominent 
faults of this set is well shown at the Mason Val- 
ley and Bluestone mines, and it is cut by the 
lowermost tunnel of the Bluestone mine, where 
it dips 75** E. Its throw is undoubtedly sev- 
eral thousand feet. The faults of this age 
strike not only parallel to the range but also at 
right angles to its trend; they dip from 25° to 
75°. 
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The fault that separates the granodiorite 
from the gametites at the Bluestone mine and 
continues to the Western Nevada, where it 
separates the quartz monzonite from the meta- 
morphic hmestones, probably was formed at 
about this time. It is certainly younger than 
the faults that displace the porphyry dikes, as 
it cuts off these faults. 

Faulting occurred also after the extrusion of 
the hornblende andesite. A small mass of 
andesite along the west flank of the range north 
of Ludwig has been faulted against the rhyo- 
lites; at one place the fault surface forms a 
cliff face, 15 feet high and 50 feet long, trending 
N. 35° E. and dipping 75" W. (See PI. Ill, sec- 
tion B-B'.) This displacement may mark a 
separate epoch of faulting but may possibly 
coincide with that dis- 
cussed in the next para- 
graph. 

Severe faulting took 
place after the basalts 
were erupted. The pres- 
ent relief of the portion 
of the range south of 
Mason is rather obviously 
due to poetbasaltic faults 
ing. The basalt that caps 
the range is broken by a 
series of step faults form- 
ing a succession of treads; 
the base of the lowermost, 
just south of Sand Can- 
yon, is at an altitude of 

£,000 feet, the base of the middle tread at 
5,500 feet, and the base of the highest at 5,800 
feet. 

Sand Canyon is a rift valley resulting from 
the downfaulting of a block between two 
parallel faults trending at right angles to those 
that have determined the front of the range. 
The faults are about 1,000 feet apart, and the 
rocks lying between them are extremely 
brecciated. 

Although the postbasaltic faults are mainly 
normal faults, such as those along the front 
of the range south of Sand Canyon, just de- 
scribed, reverse faulting has occurred to some 
extent. This is beat ^own near the McCon- 
nell mine, and the fault plane itself is well ex- 
posed in the upper tunnel (fig. 4). It is 
sharply defined, dipping 54° W.; the basalt, 
which forms the foutwall, is considerably shat- 



tered near the fault plane, and the overlying 
limestone is highly brecciated for more than 
20 feet from the fault plane. The mine work- 
ings dbclose that the dip shp is at least 150 
feet. 



The oldest geologic records of the district 
date back to the Triassic period. At this time 
4,000 feet of andesitic and dacitic lavas, brec- 
cias, and tuffs were erupted, which were suc- 
ceeded by a peculiar series of soda^rich felsite 
lavas and tuffs. Marine conditions then pre- 
vailed, and limestones mainly were laid down, 
interrupted, however, by occasional eruptions 
of felsite. At one time during the Triassic a 




bed of gypsum, as much as 450 feet thick, was 
deposited. 

These rocks were folded, probably in the be- 
ginning of Cretaceous time, and were intruded, 
probably early in the Cretaceous, by large 
masses of granodiorite and quartz monzonite. 
These intrusions were followed by others that 
brought in minor amounts of aplite and con- 
siderable amounts of quartz monzonite por- 
phyry. Faulting occurred during and im- 
mediately after this epoch of intrusion, and 
as a sequel to the intrusive activity the ore 
bodies were formed. 

A long period of erosion then ensued, during 
which the Triassic rocks were in places entirely 
removed and the granitic rocks were laid bare 
over wide areas. Volcanic eruptions followed^ 
probably in the later part of the Miocene, and 
buried the fluvial deposits that had accumu- 
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lated on the surface eroded upon the older 
rocks. The relief of this surface on which the 
Tertiary rocks accumulated appears to have 
been moderate^ though on account of the 
small exposures and the profound faulting to 
which the rocks of the region have been sub- 
jected this conclusion is not firmly established. 
At any rate, the streams that flowed on this sur- 
face appear to have been powerful, as is indi- 
cated by the well-rou/ided boulders, 6 feet in 
diameter, occurring in their gravels. 

The volcanic activity began with the effusion 
of a distinctive flow of black glass, a latite 
vitrophyre; this flow was succeeded by quartz 
latites, which are especially characterized by 
their columnar structure; and upon these were 
piled about 4,000 feet of rhyoUtes and 1,400 
feet of andesite breccia. From time to time 
during the general period of eruptive activity 
fluvial and lacustral conditions prevailed; the 
most noteworthy of these interruptions led to 
the deposition of 430 feet of lake beds, which 
occur at the top of the rhyoUtes and underhe 
the andesite breccia. This succession of rocks, 
beginning with the vitrophyre at the base of 
the section and including the andesite breccia at 
the top, appears to correspond to the Esmeralda 
formation, which is now believed to be of late 
Miocene age. 



After the deposition of these rocks a period 
of pronounced diastrophism set in, the most 
vigorous in this part of Nevada during Ter- 
tiary time. The rhyoUtes were tilted at angles 
of 25° to 65° and were greatly faulted, the rocks 
being displaced stratijgraphically to the extent 
of thousands of feet. Erosion ensued, and sub- 
sequently andesites were erupted, now resting 
at low angles upon the worn edges of the rhyo- 
Utes. This eruptive outburst was extremely 
moderate and is represented by only a few 
hundred feet of lava. 

After the andesitic extrusion erosion again 
began. Rather extensive deposits of gravels 
accumulated, in places as much as 300 feet 
thick; their unsorted, subangular character 
suggests that they are of fanglomerate origin. 
Eruptive forces, the final manifestation of 
volcanism in the district, once more became 
active, and a series of basalt flows was poured 
out. The basalts, although nearly horizontal, 
have been considerably faulted, and this period 
of vigorous diastrophism is hdd to mark the 
beginning of Quaternary time. The faulting 
that took place at that time blocked out the 
Singatse Range largely as we see it now. 
Since this faulting the deep canyons opening 
out upon Mason Valley have been excavated, 
and the material thus derived has built up a 
I series of alluvial cones fronting the range. 



Part IL THE ORE BODIES. 



QSNIERAL TXATTTBXS. 

The main ore bodies of the Yerington district 
are copper-bearing deposits characterized by a 
gangue of either pyroxene, garnet, or epidote 
or a mixture of these minerals. Chalcopyrite 
is the chief copper-bearing mineral; pyrite is 
commonly associated with it, but no other 
primary sulphides occur in the district. 

The deposits belong to the contact-metainor- 
phic group. The primary ore is essentially im- 
enriched by later sulphides, for supergene 
covellite and chalcocite, although occurring 
locally, are as a rule not abundant. 

Ore bodies of this kind have yielded the 
bulk of the metal output. The average tenor 
of the ore mined has ranged from 2.75 to 6 per 
cent of copper, with gold and silver present in 
traces only. Among the representatives of 
this group are the ore bodies of the Bluestone, 
Mason Valley, Ludwig, Douglas Hill, Casting 
Copper, and McConnell mines. 

Other types of the copper deposits are spar- 
ingly represented in the district and as a whole 
are of minor economic importance. They are 
exemplified by the irregular bodies of rich 
cuprite ore in quartz monzonite porphyry at 
the Empire-Nevada mine and by the fissure 
veins in quartz monzonite and quartz monzo- 
nite porphyry. 

MINS&ALS 07 THE OSE DEPOSITS. 
FBIHABT BOKERALS. 

AcHnoUte. — A finely fibrous amphibole is 
common in some of the ore bodies, notably in 
that of the Mason Valley and to a lesser extent 
the McConnell and Western Nevada mines. 
Under the microscope it is pale green and 
feebly pleochioic, and it is therefore identified 
as actinolite. In some of the ore of the Mason 
Valley mine pyrite is molded aroimd fibers of 
tremoUte, or the tremolite "cuts" the pyrite; 
which of these two explanations is the correct 
one it is impossible to decide, though the 
former appears the more probable. 

AUnte, — Albite was detected microscopically 
as a minor component of some of the gangue in 
the Bluestone mine, where it occurs together 



with pyroxene, garnet, epidote, calcite, pyrite, 
tremolite, and apatite. 

Andradite. — ^The garnet associated with the 
ores proves invariably to be an andradite. It 
varies widely in color, from pale amber to 
amber-brown, grayish green, and resin-yellow. 
Crystals of very different shades occur close 
together in the same hand specimens, and con- 
formably with what Groldschmidt foimd in the 
Christiania district, color proves not to be a 
reliable index as to whether the garnet is gross- 
ularite or andradite. The garnets as a rule are 
partly faceted, the dodecahedral habit being 
almost universal, but trapezohedral faces are 
occasionally to be foimd. 

To determine approximately the composition 
of the garnets, niunerous specimens were ex- 
amined by the immersion method; they were 
foimd to have refractive indices ranging from 
1.83 to 1.87. Those of index 1.86 predominate, 
corresponding to a garnet in the grossularite- 
andradite series containing about 80 per cent 
of the andradite molecule. Under the micro- 
scope the garnets are commonly found to show 
a wide range of optical anomalies. The garnets 
may either be divided into six birefringent 
sectors or the narrow outer zones may be 
birefringent, which is probably the most com- 
mon type, or they may show a highly complex 
structure. The maximimi birefringence is 0.009. 

The garnet rock of the Casting Copper mine 
consists laigely of resin-yellow garnet. . Under 
the microscope the deep-yellow garnet, whose 
refractive index is 1.86, is foimd to be com- 
pletely isotropic. A paler garnet, whose index 
is 1.83, is also present, in part peripheral to the 
deeper-colored garnet and in part interstitial. 
It is complexly built, is strongly birefringent, 
and in places has a well-marked parting. 
Accessory minerals are calcite, quartz, chlorite, 
apparently primary, magnetite, and apatite. 

Apatite. — Apatite is an accessory mineral in 
all the contact-metamorphic ores. It occurs as 
small euhedral prisms embedded in the silicates 
and in the quartz. It is more abundant at the 
BluestoQe mine than elsewhere in the district. 

Biotite. — An extremely close grained black 
rock occurring in the footwaU of the Mason 
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Valley mine proved to be a felsite tuflF whose 
clastic structure has been veiled by the meta- 
somatic development of finely flaky biotite. 

CalcUe. — Calcite is common as in intersti- 
tial filling in the contact-metamorphic ores. 
The garnet, pyroxene, and allied silicates, as 
well as the quartz and albite, are invariably 
idiomorphic against it. 

Chalcopyrite, — Chalcopyrite is the sole pri- 
mary copper-bearing mineral foimd in the 
Yerington district and as such is the ultimate 
source of all the copper in the primary, oxidized, 
and enriched ores that are mined in the district. 
The chalcopyrite that is inclosed in an andra- 
dite gangue alters commonly during oxidation 
directly to copper pitch ore. In ore enriched 
by supergene sulphides chalcopyrite has altered 
to coveUite or chalcocite, while the associated 
pyrite has remained intact. 

Chlorite, — Chlorite has been noted as a minor 
constituent of the ores of the McConneU and 
Western Nevada mines. 

Epidote. — The silicate epidote occurs most 
abimdantly at the Bluestone mine, where it 
forms the larger part of the gangue. It has 
originated there principally through replace- 
ment of garnet and pyroxene rocks formed dur- 
mg the epoch of metamorphism foUowing the 
quartz monzonite intrusion. Epidote is also 
a minor constituent in the pjrroxenic and gar- 
netiferous ores of the district, in which it is 
coeval with the other silicates. The intense 
pleochroism and high refractive indices indicate 
that the epidote in thoise deposits is a variety 
high in ferric iron. 

Oamet. — Garnet is extremely common. Two 
varieties may be distinguished — ^a fine-grained 
massive variety commonly near grossularite in 
composition and a coarse-grained variety com- 
monly showing crystalline facets and near an- 
dradite in composition; the latter is the variety 
associated with the ores, as described in pre- 
ceding paragraphs. 

Hemdtite. — Finely micaceous hematite is 
associated with the chalcopyrite in the Mon- 
tana-Yerington vera. 

Magnetite, — ^Magnetite is a rare constituent 
of the Yerington ores and as a rule is detected 
only with the microscope. 

Pyroxene. — Garnet and pyroxene are the 
chief gangue minerals of the contact-meta- 
moiphic ore. The relative proportions of the 
two vary widely, however, in different deposits; 



in the Mason Valley ore body the gangue is 
principally pyroxene, and in the Douglas Hill 
ore body it is almost wholly andradite. The 
pyroxene is a grayish-green variety of lamellar 
habit. It is coarsely crystalline and commonly 
forms radial groups 2 or 3 inches in diameter, 
though some as much as 10 inches across are 
occasionally found. 

A carefuUy selected specimen of pyroxene 
from the 300-foot level of the Mason Valley 
mine was analyzed by R. C. Wells in the labora- 
tory of the Geological Survey. Microscopic 
examination showed it to contain a small 
amoimt of calcite and a trace of pyrite. Calcu- 
lation of the analysis discloses that the pyrox- 
ene is a variety almost exactly halfway inter- 
mediate in composition between diopside and 
hedenbergite. Its extinction angle is A5° and 
its maximum refractive index as determined by 
the immersion method is 1.71. 

Analydia o/pyrmcene/rom the Mason Valley mine, 

[R. C. Wells, analyst.] 

SiOj 50.59 

AI2O3 11 

FeaOg 1. 18 

FeO 13.05 

MgO 9.19 

CaO 23.03 

NajO 15 

IC|0 16 

HjO- 71 

HjO-h 58 

TiOj 13 

ZrOa 02 

CO3 1.52 

P2O5 Trace. 

S 02 

CraOa . ^ None. 

V2O, Trace. 

MnO 26 

BaO N one . 



100. 70 
Cmnputed compoaltioii of material analjaed. 

Diopside (CaMgSijOe) 44.73 

Hedenbergite (CaFeSiaOj) 45. 74 

Alkali pyroxenes: 

KaO.Al208.4SiOa 44 

K^O .Fea03.4Si03 50 

NajO.Al20,.4Si02 93 

MgO.FejOs.SiOj 1. 04 

Calcite 3.50 

Quartz 2.04 

Titanite 40 

Pyrite 04 

99.36 
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Pyrite. — ^Pyrite and chalcopyrite are the 
only two primary sulphides in the district. 
Their relative proportions vary widely in dif- 
ferent deposits : In the Mason Valley mine; for 
example, the pyrite averages about twice the 
chalcopyrite in amount, but in the Douglas 
Hill mine it occurs in not more than traces. 

Quartz. — Quartz occurs from place to place 
as a minor constituent of the contact-meta^ 
morphic ores. It incloses idiomorphic garnet, 
pyroxene, epidote, and apatite. 

TcmrmoKTie. — ^Toiurmaline is an accessory 
epigenetic mineral in the biotitized felsite tuff 
occurring in the footwall of the Mason Valley 
ore body. 

Zircon. — Zircon is found as a residual mineral 
in the silicified, gametized, and pyritized dikes 
of quartz monzonite porphyry that occur in 
some of the ore bodies, notably the Ladwig 
lode. 

SEOONDABT ICENBRALS. 

Asurite. — ^The blue copper carbonate azu- 
rite occttTB rarely in the oxidized ores of the 
district. 

BrochantiU. — ^Brochantite, the basic sul- 
phate of copper, occurs as small glassy emerald- 
green prisms in vugs in the oxidized ore of the 
Douglas Hill mine. 

OhaUarUhUe. — Chalcanthite, or bluestone, as 
it is generally known in the district, formerly 
occurred in minable quantities in the out- 
crops of most of the ore bodies. It is still 
conmion in the outcrops at the Bluestone 
mine, where it forms networks of veinlets 
traversing oxidized gypsif erous material. The 
veinlets have a cross fibrous structure. 

(Jhdlcedany, — Chalcedony occurs in small 
quantity in the siliceous gossan of the Ludwig 
lode. 

ChalcocUe. — ^As a supergene sulphide chal- 
cocite ia found in small quantity in the dis- 
trict. It has formed almost wholly at the 
expense of chalcopyrite and is generally asso- 
ciated with gypsum. In polished sections it 
proves to be a porous blue variety. Rogers * 
has presented a photomicrograph of a pol- 
ished section showing chalcopyrite from the 
Ludwig mine partly altered to chalcocite. 

CkrysocoUa. — ^The term chrysocolla is here 
used to designate the bluish-green opal-like 
substance that occurs in the oxidized ores of 

i Rogers, A. F., Min. and Sd. Pnn, vol. 109, p. 683, 1914. 
38330**— 18 ^3 



the district — ^a hydrous copper siUcate, evi- 
dently of colloidal origin. Under the micro- 
scope it is found that probably several dif- 
ferent minerals are grouped under the term 
''chrysocolla" and that the original colloid has 
generally become crystalline. Some chryso- 
colla from the Douglas Hill mine proves to 
be a cryptocrystaUine ; aggregate having a 
refractive index of 1.47 and a barely percep- 
tible birefringence. Other chrysocolla, how- 
ever, forms brightly birefringent spherulites, 
whose fibers are elongated optically positively 
and whose indices are both below 1.54. The 
copper pitch ore, which is regarded as of col- 
loidal origin like the chrysocolla, except that 
ferric hydrate was precipitated along with 
the copper and silicon hydrates, is an iso- 
tropic substance; in this respect the relation 
between chrysocolla and copper pitch ore 
resembles that between chalcedony and ferrif- 
erous opals, in that the entangled ferric com- 
poimd has prevented the crystallization of the 
colloid.' 

Under high powers of the microscope the 
chrysocolla, especially that occurring in em- 
bayments in andradite, shows a brecciated 
structure, consisting of multitudes of curved 
fragments, which have evidently resulted from 
the bursting of colloidal membranes by osmotic 
forces.* 

Copper. — ^Native copper occurs sparingly in 
the oxidized ores of the district. In the 
Ludwig mine it is intimately associated with 
cuprite in ore from the 600-foot to the 800-foot 
levels. 

Copper pitch ore. — ^A brown or brownish-red 
substance of pitchy luster and conchoidal 
fracture is common in the oxidized ores of the 
district. It is locally spoken of as ''copper 
oxide'' but is perhaps better termed copper 
pitch ore, a substance which Von Kobell long 
ago showed is a mixture of chrysocolla and 
limonite. Mixtures of cupric and ferric hy- 
droxides are also included under this term. 
According to present conceptions copper pitch 
ore is doubtless a colloidal complex of hydroxides 
of copper, iron, and silicon and is of variable 
composition. Copper pitch ore from the 
Greenwood prospect reacts strongly for copper 

s lieseguig, R. E., Q«ologlsche DiilusiaDai, p. 100, 1013. 

s lieseguig, R. E., Ein Membrantrflmmer-Aehat: Centralbl. Mineral- 
Qgie, 1912, pp. 85-67. Knopf, Adolpb, Wood tin in the Tertiary rhyolites 
of northern Nevada: Boon. Geology, v<d. 11, pp. 867-451, 1016. 
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and iron; examined in oils it proves to be a 
completely isotropic substance having a refrac- 
tive index of 1.68. It is a clear deep brown, 
but it is so strongly colored that only the 
minutest particles and the edges of the larger 
grains are translucent. 

CoveHiU. — Covellite is common, though not 
abundant, as a supervene sulphide which has 
been precipitated largely at the expense of the 
onginal chalcopyrite in the ore. It has 
developed in part parallel to what is probably 
the pyramidal cleavage of chalcopyrite. Under 
high powers of the metallographic microscope 
the plates of covellite are seen to have exceed- 
ingly irregular edges. 

Cuprite. — Cuprite is most abundant in the 
ore of the Empire-Nevada mine, forming small 
masses in fractured quartz monzonite por- 
phyry. It is disseminated through the veins 
and bodies of copper pitch ore of the Ludwig 
mine, which are inclosed in the limestone 
footwall of the lode. It extends down in this 
mine to the lowest level at a vertical depth of 
675 feet. 

Oypsum, — Grypsmn is extremely common in 
the oxidized ores, occurring not only in veinlets 
but also in plates thoroughly disseminated 
through the ores. During the replacement of 
calcite by chrysocoUa the calcite near the 
advancing chrysocolla becomes filled with 
plates of gypsum, as is well shown at the 
Ludwig mine, but the chrysocolla itself is free 
from gypsum, showing, that the gypsum has 
but a transient existence in this process. 

The clear transparent variety of gypsum 
called selenite is common in the Ludwig mine; 
it occurs down to the 600-foot level, where it 
forms in the vugs in the quartzose ore of the 
'^ selenite stope" fine prisms as much as '8 
inches long. 

Libeihenite, — ^Libethenite, a hydrous phos- 
phate of copper, was noted by Ransome ^ to 
occur sporadically in the oxidized ore of the 
Ludwig mine in crystalline aggregates resem- 
bling malachite. Smith' had earher discov- 
ered this mineral at the Blue Jay mine, east 
of the town of Yerington, and Schaller' has 
described the crystals found. 

MaJMhite, — ^The copper carbonate malachite 
occurs in all the oxidized ores in small amounts 

1 Ransome, F. L., U. S. 0«ol. Survey Bull. 380» p. 113, 1909. 

X Smith, D. T., California Univ. Dept. Geology Bull., vol. 4, p. 31, 1906. 

* Schaller, W. T., U. S. Oeol. Survey Bull. 202, pp. 140-143, 1906. 



but is distinctly subordinate to the copper 
silicates, the chrysocolla and the copper pitch 
ore. 

Opal. — ^A small amount of opal was found 
microscopically to occur in the siliceous outcrop 
of the Ludwig lode. 

CONTACT-METAMOSPmC OSE DEPOSITS. 



OEOLOOIG ENVIRONMENT. 

OOMP08ITZOV OF THE ROCKS IROLOSIRO 

DEPOSITS. 



THE ORE 



The principal copper deposits of the district, 
characterized by their pyroxene, garnet, or 
epidote gangue, have, with one notable excep- 
tion, been formed by the replacement of lime- 
stones. The Bluestone ore body, the excep- 
tion alluded to, consists essentially of chalco- 
pyrite in an epidote gangue and was produced 
by the replacement of brecciated gametite and 
allied silicate rocks. 

The limestone beds in which the ore bodies 
developed are shown in the following paragraphs 
to have been relatively pure calcite rocks. 
Their chemical composition is a matter of some 
theoretical interest. Lindgren and others have 
presented evidence to show that ore bodies of 
this type have commonly formed in limestones 
of extreme purity. Leith and Mead/ however, 
consider the evidence thus adduced to be doubt- 
ful and inadequate, inasmuch as the specimens 
chosen for analysis represented only single 
strata, and they emphasize the fact that to ob- 
tain evidence of conclusive value samples must 
be taken across the full width of the ore zones. 

Analyses of the limestone in the ore-bearing 
zone of the Maaon Valley mine of the Yerington 
district are available that in large measure meet 
Leith's requirement. The limestone was used 
as smelter flux and hence was carefully analyzed 
for lime and sihca but less carefully for other 
constituents. A glory hole 200 feet long, 60 
feet mde, and 75 feet deep was opened up. 
The limestone is mainly in beds ranging from 
5 to 10 feet in thickness but includes some 
thinly banded varieties. The beds strike north 
and dip 70^ or more westward; the longer axis 
of the glory hale is parallel to the strike of the 
strata. Li column 1 of the subjoined table is 
given an average of seven analyses of limestone 
from the stope, and in column 2 an average of 
four analyses of limestone from the ''new stope" 

* Lalth, C. K., and Mead, W. J., Metamorpbic geology, p. 148, 1015. 



THE ORE BODIES. 



35 



situated in the immediate hanging-wall country 
rock of the ore-bearing zone; from this stope 
limestone flux is now being obtained. The 
individual analyses do not vary widely from the 
average figures. 

Analyses of liTMsUme from Mason Valley mine. 



CaO 

Mgp 

SK), 

AljOa 

Fe,0, 

GO, (theoretic) 



I 

1 


46.9 
2.3 
9.1 
4.0 
1.1 

39.il 


102.8 



48.5 

.6 

5.7 

2 2 

2.3 

38.7 



98.0 



In these analyses, according to the smelter 
manager, the lime and siUca were carefully 
determined, as these are the constituents 
of importance in calculating the furnace 
charge, and the determinations of the other 
oxides are of nominal value only. The defec- 
tive summations of the analyses are doubtless 
due to this imperfect determination of the 
minor constituents. 

The analyses concur in showing that the 
limestones of the ore-bearing zone and of the 
hanging wall are relatively pure; they are 
slightly sihceous but are low in magnesia, 
alumina, and iron. 

Two spechnens of hmestone obtauxed from 
the south end of the ore zone on the No. 3 
level of the Mason Valley mine were analyzed 
in the laboratory of the United States Geo- 
logical Survey. The great ore lens on the 
south end of this level extends obUquely 
across strata of limestone of different colors, 
rongmg from hght bluish white to dark gray 
or black. These beds carry a few fibers of 
tremohte and sporadic cubes of pjrite. The 
limestone represented by column 1 of the sub- 
joined table, taken 20 feet from the edge of 
the ore body, is a dark-gray, almost black 
crystalline limestone; imder the microscope 
it proves to consist preponderantly of calcite 
grains, with accessory tremohte and pyrite. 
The limestone represented by column 2, 
taken from rock inunediately adjoining the 
soUd andradite of the periphery of the ore 
body, is a hght-gray, rather dense limestone; 
under the microscope it proves to consist 
essentially of calcite and a few scattered fibers 
of tremolite. 



Analyses of limesUme from Mason Valley mine. 
[W. C. Wheeler, analyst.] 



CaO 

MgO.. 

SiOj 

AlA 

FejOj (total).. 
CO, (theoretic) 



62.12 

.84 

3.04 

1.39 

.64 

41.87 



99.90 



51.63 

8.17 

1.80 

.14 

.17 

44.02 



100.93 



These analyses show that the two specimens 
selected are somewhat purer than the average 
as found by the smelter determinations. The 
analyses are of the same general purport, 
however, and confirm the statements made as 
to the essentially nonmagnesian character of 
the limestone of the ore-bearing zone and their 
low content of sihca, alumina, and iron. 

The ore bodies at the other mines in the 
district have formed in coarse calcite rocks, 
which without doubt are of the same general 
character as the Umestones analyzed. 



KBLATIOV OF THB 



OKB DBPOSrrS TO FAlTLTnrO ABB 
BBSOCIATIOV. 



The ore deposits are situated on or near fault 
contacts. Conunonly the faults separate dis- 
similar rocks, such as limestone from felsite, 
aiidesitC; or stratified calc-siUcate rocks. That 
the faulting occurred before the ore bodies 
were formed is established by the following 
structural relations: (1) The faults displace 
the quartz monzonite porphyry dikes, and the 
severed ends of the dikes and the fault drag 
from the dikes have been metamorphosed by 
the ore-forming solutions: the brecciated quartz 
monzonite porphyry at the Bluestone ore body, 
which is an epidote-chalcopyrite deposit, is 
profoundly epidotized and pyritized; and the 
porphyry inclosed in the * Ludwig lode is 
gametized, sihcified, and pyritized. (2) The 
calc-siUcate rocks, such as the fine-grained 
grossularite rocks near the Douglas Hill mine, 
have been brecciated, and the shattered mass 
has been recemented by the coarsely granular 
andradite that was formed at the time the ore 
was deposited; at the Casting Copper mine a 
series of thin-bedded black garnetites and al- 
Ued rocks abut at an angle of 45^ upon a belt 
of crystalline hmestone, the garnetites were 
broken along the contact, and the angular 
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black fragments are inclosed in the yellow an- 
dradite that forms the gangueof the ore body- 
These significant structural relations, pointing 
to the considerable faulting that intervened 
between the time of intrusion of the quartz 
monzonite and the deposition of the ores and 
proving the dependence of ore deposition on 
fissuring, will now be considered in some detail. 

The relation of the ore deposits to faulting 
and brecciation is shown most strikingly at 
the Douglas Hill and Casting Copper mines; 
nor is elsewhere shown so clearly the distinct- 
ness of the ore-forming mineralization as a 
separate event that took place after the meta- 
morphism accompanying the intrusion of the 
quartz monzonite. The mineralogically com- 
plex series of calc-sihcate rocks on the west 
flank of Douglas Hill has been described; 
toward the top of the hill these rocks consist 
of exceedingly dense fine-grained gametites, 
composed almost wholly of a nearly pure grossu- 
larite, as shown by its index of 1.75. The sum- 
mit of the hill consists of an immense mass of 
andradite in which the ore occurs as irregular 
lenses. This great body of andradite resulted 
from the replacement of a massive limestone 
lying above the stratified series of aphanitic 
gametites. The footwall of the ore zone is a 
belt of remarkable breccia about 20 feet thick. 
This breccia is composed of sharply angular 
fragments of the aphanitic gametites inclosed 
in a cementing matrix of coarse, euhedral yel- 
low garnet. The index of this garnet proves 
to be 1.87 and determines the garnet to be a 
nearly pure andradite. The garnets of the 
two periods of metamorphism show, then, in 
this grossularite homf els cemented by andra- 
dite their maximal possible contrast. The 
andradite cement carries a little interstitial 
quartz, apatite, and chalcopyrite. 

The dependence of ore deposition on fissur- 
ing and the evidence of two distinct periods of 
gametization are clearly shown at the Casting 
Copper mine. The ore-bearing zone lies along 
the fault contact of a stratified series of black 
gametites striking at an angle of 45^ against 
massive limestone, as is shown in figure 12 
(p. 63). The gametites are dense, heavy fine- 
grained rocks. Under the microscope they are 
seen to be composed whoDy of garnet, which is 
clouded with carbonaceous inclusions, a feature 
that accounts for their black color. The mas- 



sive limestone has been solidly replaced by 
coarsely granular resin-yeUow andradite for 
over 400 feet along its contact with the strati- 
fied gametites. The gametites were shattered 
along the contact, and the angular fragments 
of dense black rocks that resulted therefrom 
are now outhned by the thin veinlets of 
euhedral yellow andradite that traverse the 
breccia. 

iSome of the ore deposits, as the Bluestone, 
Mason Valley, and Western Nevada, are situ- 
ated at the contact of the Triassic rocks with 
the quartz monzonite or the granodiorite. 
This contact, however, proves to be faulted; 
in fact, the granodiorite at the Mason Valley 
mine is a narrow fault wedge lying between 
the ore zone and Tertiary rhyolites to the 
north. The time of the faulting, except that 
it is later than the intrusion of the quartz 
monzonite porphyry dikes, is unknown, as is 
also the amount of displacement. The other 
gametiferous ore deposits of the district are at 
some distance from the large intrusive bodies; 
that farthest distant — the Douglas Hill, which 
Ls characterized by its extraordinarily extensive 
mass of andradite — ^is 2,500 feet from the 
nearest surface exposure of quartz monzonite. 

The limestones adjoining the faults along 
which the ore-forming solutions rose were 
shattered, and there is some evidence that the 
shattering facilitated or governed .the replace- 
ment of the limestone by the mineralizing solu- 
tions. In the Ludwig ore body, which is lode- 
like in form, the limestone was extremely 
broken and crushed by dynamic disturbance, 
forming breccias as much as 80 to 100 feet 
thick. The gametiferous quartz-pyrite ore, 
carrying coarse calcite as a minor component, 
forms a large low-grade shoot 50 to 100 feet 
wide. Toward the footwall side of the ore 
body, where it grades into unreplaced lime- 
stone and where the mineralizing activity 
was presumably less intense, the result of the 
selective action of the solutions becomes ap- 
parent. Here the finely crushed limestone 
that formed the matrix of the lai^er angular 
fragments of the breccia was replaced by py- 
rite, and thus a limestone breccia cemented by 
pyrite resulted. In the same way the brecci- 
ated condition of the quartz monzonite por- 
phyry occurring in the Blues tone ore body has 
been strikingly emphasized by the selective 
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replacement of the more finely crushed portion 
of the breccia. It was further emphasized by 
the fact that the sulphides form mai^ns 
aroxuid the larger fragments of the breccia. 

The replacement of fractured and brecciated 
liincstone by andradite and sulphides is recog- 
nizable along the periperhy of the large ore 
lens at the south end of the ore zone of the 
Mason Valley mine. The andradite and sul- 
phidee have replaced a dark-gray fine-grained 
limostoae; the junction between wholly re- 
placed and unreplaced limestone is sharp ; and 
the only change shown hy the limestone is that 
where it adjoins the replaced rock it is bor- 
dered by a white band less than half an inch 



and pressures from solutions penneating the 
limestone by diffusion or through microscopic 
fractures. 

From the preceding discussion it appears 
that the chief ore deposits were localiz^ hy 
the ascent of the ore-forming solutions along 
fault fissures. The presence of limestone 
obviously appears to have favorably in- 
fluenced the precipitation of ore. The main 
ore bodies are in the limestone adjoining the 
faults, but concomitantly with the deposition 
of the ore large bodies of garnet and pyroxene 
were formed, which in amount greatly exceed 
the ore. To find the bodies of ore in this 
unprofitable envelope is one of the main 




wide. The limestone has evidently been de 
carbonized in this band but its gram has not 
been coarsened. (See PI. FV, A.) At the 
UcConnell mine, also, there is some evidence 
that the replacement by the mineralizing sec- 
tions progressed along fractures. However, it 
is difficult to obtain proof in many of the 
deposits in this district, as in others, that re- 
placement by garnet, pyroxene, and aUied siL- 
cates was governed by the fractured condition 
of the limestone in which they have developed. 
The conclusion to be drawn from this general 
lack of positive evidence is probably that the 
replacement of limestone by garnet and alUed 
Bihcates is commonly so thorough that it has 
obliterated the evidence of the premineral 
fracturing. There has consequently been a 
general tendency to regard ore deposits of this 
kind as having originated at high temperatures 



problems of mining m the district As a rule, 
not without important exceptions, however, 
the ore tends to occur in the marginal portion 
of the contact-sihcate rock where this borders 
the limestone. This tendency shows most 
clearly in the ore bodies of the Mason Valley 
(%, 5) and Casting Copper mines. That ore 
is most likely to occur on the limestone side of 
the contact-metamorphic copper deposits at 
Mackay, Idaho, has been recognized hy Um- 
ploby; ' and in a later paper by the same 
writer ' this rule is shown to apply to a con- 
siderable number of other contact-metamorphic 
deposits. The Yerington district broadly sup- 
ports the rule. 



1 Umpbiby, J. B., Tba ganttta ol the IlKksy copper depoiltli, Idiho: 
Eaon. 0M>k«y,T0l.S, p. 321. mi. ' 

> llmplebv. J. B., TlieoocuiniicealaeoulhellnKetaMsldeotiuiiet 
Knee; CiUUonila Univ. Dqtt. Oeology Ball., vol. 10, pp. S5-3T, 
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FORM AND DIMENSIONS OF THE ORE DEPOSITS. 

The ore deposits that occur in fault zones 
tend to approximate lodes in form. This 
tendency reaches its maximum in the Ludwig 
ore body, which is dimensionally a typical 
lode. As the deposits are the result of the re- 
placement of limestone by contact-silicates, 
however, they are likely to depart from the 
typical lode form from place to place because 
of irregular embayments and protuberances 
that extend into the adjoining limestone. 
Even where the lode form is- well developed the 
copper content is as a rule distributed errati- 
cally through the garnet or pyroxene mass that 
makes up the main bulk of the lode. Conse- 
quently some of the lodes or deposits are better 
designated ore-bearing zones. 

The ore bodies are commonly small fractions 
of the masses of garnet-pyroxene rock. As 
already pointed out, the ore tends to occur on 
that side of the garnet-pyroxene bodies which 
adjoins the limestone.. On this side the ore 
generally grades abruptly into limestone; on 
the opposite side it grades into lean pyritifer- 
ous garnet rock and from this into barren gar- 
net rock. Such masses of barren garnet rock, 
in places as much as 200 feet thick, underUe 
the productive part of the ore zone in the 
Mason Valley mine. The occurrence of the 
ore toward the limestone side of the silicate 
masses is weU shown in the Mason Valley mine 
(fig. 5), in the Casting Copper mine, and in 
the McConnell mine (fig. 8). On the other 
hand, lenses of ore are erratically distributed 
throughout the great mass of andradite on 
Douglas Hill (see fig. 11), and this distribu- 
tion appears not to be governed by any rule. 

The ore bodies of the district attain 800 feet 
in length and 100 feet in width. These are 
maximal dimensions, and the average are much 
smaller, owing to Jbhe lenticular habit of the 
individual bodies within the ore-bearing zones. 
As representative of the dimensions of a large 
lens of good-grade ore may be cited the prin- 
cipal ore body of the Castiiig Copper mine, a 
lai^e lens 120 feet long, 175 feet high, and 20 
feet wide. 

The greatest vertical depth attained in the 
district is 678 feet, at which large bodies of 
low-grade ore, carrying less than 3 per cent of 
copper, have been developed. In general, 
however, exploration in depth has been disap- 



pointing, and some of the deposits appear 
defimtely to have been bottomed. Although 
most of the deposits attain their maximal 
dimensions of. primary ore at or near the pres- 
ent surface, others have been found in depth 
to be much larger than was indicated by the 
surface exposures; of these the Mason Valley is 
the most conspicuous illustration, showing at 
its state of development in 1914 the largest and 
most continuous bodies of primary ore at 
depths of 300 to 400 feet below the sur- 
face. 

The known vertical range of cupriferous 
mineralization in the district is 950 feet. The 
two points that fix the measure of this range 
are the summit of Douglas Hill, whose altitude 
is 5,600 feet, and the bottom level of the Lud- 
wig mine, whose altitude is 4,650 feet; they lie 
so close together that it is practically certain 
that this difference in altitude has not been 
changed by postmineral faulting. The vertical 
range of 950 feet is, then, a minimal measui^e 
of the vertical distance through which the 
ore-forming solutions were able to deposit ' 
pyrite and chalcopyrite together with andra- 
dite and alhed siUcates. 

Concerning the persistence in depth of sim- 
ilar deposits Lindgren * wrote in 1905: 

Although cases may be easily conceived in which the 
deposits would continue in depth and length tctr eeveral 
thousand feet, it is far more common to find them irregular 
and spotted in their mineralization, so that while there is 
no genetic reason why they should not be continuous to 
the greatest depth attainable by mining they will as a 
matter of fact of ten give out when least expected. ♦ * * 
Few mines on contact deposits have been worked at a 
greater depth than a few hundred feet. 

This still remains essentially true, except 
that mining in recent years has made known a 
few deposits of greater persistence in depth 
than was known in 1905. The contact- 
metamorphic copper deposits on Hetta Inlet, 
southeastern Alaska, have a known vertical 
range of 700 feet;' at Mackay, Idaho, the range 
is 900 feet; ' and the Marble Bay deposit on 
Texada Island, at present the deepest worked 
contact-metamorphic ore body in the world, is 
worked at a depth of 1,160 feet, where good 
ore is exposed.* 

1 Lindgren, Waldemar, Ore deposition and deep mining: Eoon. 
Oeology, vol. 1, p. 37, 1906. 

s Knopf, Adolph, U. 8. Oeol. Survey Bull. 480, pp. 90, 101, 1911. 

s Umpleby, 3. B., Econ. Oeology, vol. 9, p. 313, 1914. 

4 MoConnell, R. G., Texada Island, Biitbli Columbia: Canada OeoL 
Survey Mem. 58, p. 48, 1914. 
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M£TAMOBPHISM BT THE ORE-FOBMING SOLU- 
TIONS. 

lOHEBAL TBAVSFORMATIOV8. 

The ore-forming solutions in their ascent 
traversed Umestone, quartz monzonite por- 
phyry, f elsite, and the rocks formed during the 
first period of metamorphism, such as gametite 
and quartz-pyroxene homfels. They meta- 
morphosed the hmestone most profoundly and 
extensively, but they also metamorphosed 
strikingly the other kinds of rocks, causing new 
minerals to grow in them similar to those 
developed in the Umestones. 

The limestones have been replaced mainly 
by garnet, pyroxene, and siilphides. The 
garnet is invariably a calcium-iron variety near 
the andradite end of the grossularite-andra- 
dite series. Some of the andradite, notably 
that in the Casting Copper mine, is of pro- 
nounced zonal structure, and quantitative ex- 
amination shows that the peripheral zone of 
such garnet is somewhat nearer gross'ularite in 
composition than the core is, a feature possibly 
indicating that the ore-forming solutions 
changed slightly during the course of ore depo- 
sition. The pyroxene, as shown by the analysis 
on page 32, is halfway intermediate between 
diopside (CaMgCSiO,),) and hedenbergite 
(CaFe(Si08)2). The garnet rocks associated 
with the ore bodies are relatively coarse 
grained, and the garnets are more or less 
faceted, and in both these respects they differ 
obviously from the dense aphanitic or micro- 
crystalline garnet rocks of the first period of 
metamorphism. The pyroxene is invariably 
lamellar and forms coarse radial aggregates 
that are as much as 10 inches across. The 
replacement of the hmestone by this heden- 
bergitic pyroxene indicates that the ore- 
forming solutions carried abundant ferrous 
iron, as well as ferric iron indicated by the 
development of andradite in the limestone. 

Among the accessory minerals formed during 
the replacement of the limestone are magnetite 
and apatite. The magnetite occurs only at the 
Mason Valley mine as a macroscopic compo- 
nent and there only in minute amount; else- 
where in the district it occurs only as a rare 
microscopic component. The practical ab- 
sence of magnetite and hematite — minerals 
generally common in the contact-sihcate ores — 
distinguishes the Yenngton ores from those of 



the same £ype occurring in other districts. 
Apatite is a fairly common accessory mineral 
in the ores formed by the replacement of hme- 
stone, but it is detectable only with the aid of 
the microscope. 

The quartz monzonite porphjrry dikes show 
three different modes of alteration under the 
action of the mineraUzing solutions — actinohti- 
zation, epidotization, and sihcification accom- 
panied by gametization. All three processes 
WOTe accompanied by pyritization. 

Actinohtized porphyry is known to occur 
only as a nairow dike in the ore zone of the 
Mason Valley mine. It is a white, highly por- 
phyritic rock carrying finely disseminated py- 
rite. Under the microscope the main change 
that was effected in the porphyry is seen to be 
the development of hairlike actinoUte through- 
out its groundmass. The actinoUte forms 
numerous sheaves and brushlike aggregates, 
averaging 0.2 millimeter in length, and further 
occurs as countless minute fibers of various 
sizes down to the limit of the resolving power 
of the microscope. Narrow veinlets of clear, 
^assy plagiodase traverse the porphyry, occu- 
pying fractures that have not displaced the 
phenocrysts, and th^- new feldspars in the 
veinlets have the optical orientation of the 
plagiodase phenocrysts. in which they are 
inclosed. 

In the process of epidotization, the results 
of which are seen mainly in the Bluestone and 
Malachite mines, the porphyry was almost com- 
pletely replaced by epidote, the quartz pheno- 
crysts alone remaining intact. Where the 
porphyiy has been less profoundly altered, the 
feldspar and hornblende phenocrysts have been 
pseudomorphously replaced by the epidote. 

The quartz monzonite porphyry was most 
strikingly transformed by the solutions that 
deposited the garnetiferous ore of the Ludwig 
lode. The porphyry was fractured; through 
the passages thus formed flowed solutions that 
deposited andradite, epidote, pyroxene, quartz, 
calcite, pyrite, and chalcopyrite; and from 
these veinlets the porphyry was thoroughly 
metamorphosed, chiefly by the growth of 
quartv;, garnet, and pyrite at the expense of. 
the pyrogenic minerals. Only the quartz 
phenocrysts, usually roimded by magmatic 
corrosion, have survived intact; in fact, the 
transformation of the porphyry has commonly 
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been so thorough that the quartz crystals alone 
give clues that the resultant siliceous pyritic 
rock was derived from porphyiy. 

The altered porphyry, whose content of intact 
quartz phenocrysts clearly indicates its igneous 
origin, proves under the microscope to consist 
lai^y of quartz. The quartz phenocrysts are 
generally unchanged; the smoothly roimded 
outlines of the magmatically corroded crystals 
remain intact, even though some of the crystals 
are surrounded by broad aureoles of quartz 
optically continuous with that of the pheno- 
crysts. Some, however, are partly replaced 
by pyrite, which is common as eiihedral crys- 
tals throughout the rest of the rock. The 
orthoclase and plagioclase phenocrysts have 
been so thoroughly replaced by quartz that 
no traces of them remain. Oamet, sharply 
idiomorphic as a rule, occurs scattered through- 
out the rock, especially in quartz areas of 
coarser fabric than the rest of the ground- 
mass, as shown in Plate IV, B. Deep-brown 
mica in finely foliated a^regates is present as 
a subordinate constituent. Apatite, besides 
occurring as large sporadic prisms, obviously 
residual from the porphyry, also occurs in 
innumerable minute needles, su^estive of 
addition by metasomatic action. Titanite oc- 
curs in a few large crystals, as in the imaltered 
porphyries, and zircon is a minor accessory 
mineral. 

In the more highly metamorphosed poi^ 
phyries much epidote and pyroxene appear 
along with the garnet, and in proportion as 
these minerals become abundant the resulting 
rock becomes increasingly difficult to distin- 
guish from metamorphosed limestone. 

The flow-banded felsite that forms the hang- 
ing wall of the Ludwig lode in depth has been 
partly replaced by garnet, pyroxene, epidote^ 
pyrite, and calcite. The footwall fekite tuff 
of the Mason Valley ore zone has been altered 
somewhat differently. Much finely flaky bio- 
tite has been developed in the tuff, so (liat it 
has become' a fine-grained black rock. Tour- 
maline occurs as a minor accessory mineral, 
and this is the only known occurrence of 
pneumatolytic minerals associated with the 
ore deposits of the district. The andesite in 
the footwall of the Mason Valley ore zone is 
altered by the metasomatic growth of pyrite, 
epidote, chlorite, and biotite. 



There remains to be described the metaso- 
matism effected by the ore-forming solutions 
in the limestones previously metamorphosed 
by the quartz monzonite intrusion — that is, 
the metasomatic alteration of grossularite 
homfels, or otlier gametites, and of quartz- 
pyroxene homfels. Alteration of this kind has 
tak^i place on the largest scale in the Blue- 
stone ore body. 

The Bluestone ore deposit differs from the 
othei:s of the district in Uiat the ore originated 
through the replacement not of limestone but 
of previously formed calc-silicate rocks. The 
ore body is situated along a fault that displaces 
a quartz monzonite porphyry dike, and the 
ore has developed through the replacement of 
the adjacent shattered and brecciated calo- 
silicate rocks — ^grossularite homfels and quartz- 
pyroxene homfels. The introduction of the 
ore minerals chalcopyrite and pyrite was ac- 
companied by the growth of epidote at the 
expense of the preexisting minerals. The 
epidotization of the brecciated porphyry has 
already been described. The epidotization of 
the brecciated gametite is well iUustrated in 
Plate V, Aj where the angular fragments, bor- 
dered by epidote, are excellently shown; in the 
actual. specimen the dark green of the epidote, 
of course, emphasizes strikingly the extent to 
which this mineral has invaded and replaced 
the angular fragments of the breccia. The 
replacement so obvious macroscopically is 
still more evident imder the microscope. The 
replaced rock is found to be composed mainly 
of garnet whose refractive index of 1.80 
indicates a composition near grossularite; 
pyroxene is a subordinate component. Other 
breccia fragments consist of a finely granular 
assemblage of quartz and pyroxene, a rock of 
the kind here termed quartz-pyroxene homfels. 
The garnet shows the replacement by epidote, 
but it is traversed by veLolets of epidote, 
adjoining which it is irregularly altered to 
epidote; in places certain zones of the garnet 
are pseudomorphically altered to epidote. 
Chalcopyrite also occurs as a replacement of 
garnet and is invariably accompanied by epi- 
dote. Subordinate components of the ore are 
quartz and calcite; apatite is a minor but con- 
stant accessory mineral. The epidote is rarely 
idiomorphic except in the veinlets that con- 
stitute the cement or binding of the ore-bearing 
breccia. 
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ooMFosinov or tks obx-tobjovo bolutzovs. 

The metamorphism effected by the ore-form- 
ing solutions shows that they were chained 
with silicon^ ferrous and ferric iron, mag- 
nesium^ copper, sulphur, and phosphorus. 
What else they carried remains unknown; that 
they carried boron, for instance, is shown by 
the metasomatic occurrence of tourmaline in 
the footwaU of the Mason Valley ore zone, 
but the small amount of tourmaline may mean 
either that the solutions were imsaturated 
with respect to this mineral or that the tem- 
perature conditions were unfavorable, probably 
too low, for its formation. The solutions were 
manifestly deficient in calcium, as they removed 
immense quantities of calcite. In what form 
the bulk of this calcite was dissolved must 
remain unknown. That it may in part have 
been carried as calcium chloride is a reasonable 
hypothesis, in view of the intensive scapohtiza- 
tion shown at some localities by the quartz 
monzonite, although, on the other hand, it 
must be confessed that no scapohte is known 
to be associated with the ore deposits. For 
every molecule of calcite removed as chloride 
a molecule of carbon dioxide would be set free, 
and, proportionally to the pressure existing at 
the point of replacement, would aid in the 
removal of the calcite as bicarbonate. 

The solutions appear, further, to have been 
deficient in sodium and potassium, as is shown 
by the complete obliteration of the feldspars 
in the quartz monzonite porphyry and by the 
fact that no sericite has been developed in this 
rock. Biotite, however, has locally been 
formed in small quantities. 

It is of some interest to compare the com- 
position of the ore-forming solutions as deduced 
from their action on limestone with their com- 
position as deduced from their action on quartz 
monzonite porphyry, both kinds of rock occur- 
ring in the same ore body. From the meta- 
somatic replacement of the limestone by 
andradite, pyrite, chalcopyrite, quartz, and 
apatite, it would be concluded that the solu- 
tions were highly charged with siUcon, ferrous 
and ferric iron, copper, and sulphur and con- 
tained sufficient phosphorus to develop acces- 
sory apatite; 'moreover, they must have be-' 
come highly charged with calcium, derived 
from the immense quantities of calcite that they 
dissolved. From the study of the sihcified 
porphyry, essentially a pyritic quartz aggre- 



gate, the most obvious deductions would be 
that the solutions were rich in sihcon and sul- 
phur, that they contained sufficient phosphorus 
to cause the development of accessory apatite, 
and that they were deficient in aluminum, ferric 
iron, calcium, magnesium, and alkalies. From 
the study of the gametized anjl epidotized por- 
phyry it would be concluded that the composi- 
tion of the solutions was Uke that indicated by 
the alteration of the limestone, with the impor- 
tant exception that in reacting with the por- 
phyry the solutions, instead of removing cal- 
cium, have added large amoimts of this element 
to the porphyry. The physical-chemical deduc- 
tion from this comparison appears to be that 
the solutions were saturated with garhfet, tut 
undersaturated with respect to other cfatcium 
compounds, such as the chloride; hence, the 
same solutions were able to replace both lime- 
stone and porphyry, although the one replace- 
ment meant a subtraction of calcium and the 
other an addition of calcium. 

PABAOENESIS. 

The sulphides and associated siUcates — 
pyroxene, andradite, amphibole, and epidote — 
broadly considered, were i r \ ) \ \ \ 
formed essentially at the < t>xa>LW^ 
same time. Under the micro- 
scope sequential relations be- 
tween the silicates are occa- 
sionally observable, in that 
certam minerals appear to FiQUE.6.-incic«ureofan 

have continued to grow after idiomarphicoroBS section 

J.1- 1. J i*-^ J T> X of lamellar p3rroxeiie In a 

Otners naa stopped. i5ut cUnopiiiaooidalseetlanof 

such relations, clear enough pyroxene, 
in the small areas of certain thin sections, 
do not appear to be supported by any 
broadly significant evidence in the ore deposits 
themselves, and they are therefore regarded as 
evidence of minor vagaries in the general course 
of ore deposition. The sulphides appear to 
have formed continuously throughout the 
period during which the gangue minerals were 
being deposited. The details on which these 
conclusions are based are given in the following 
paragraphs. 

The radial and spherulitic pyroxene not im- 
conmionly shows under the microscope idio- 
morphic sections of one crystal that are inclosed 
in idiomorphic sections of another crystal, as 
illustrated in figure 6. The relations shown in 
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the figure are clearly explicable as having 
resulted from unequal rates of growth of two 
different pyroxene crj^tals growing from con- 
tiguous spherulitic centers; had the mineral 
whose cross section is shown been other than 
pyroxene, however, it would according to 
usage somewhat common in the study of ore 
deposits be said to ''cut'' and replace the 
pyroxene shown in clinopinacoidal section. 

The pyroxene in a specimen from the Western 
Nevada mine is sharply idiomorphic, and the 
associated andradite hes interstitially between 
the pyroxene crystals (PL V, B); from this 
relation it follows that in this particular speci- 
men the andradite continued to grow after the 
pyroxene had ceased to grow. Garnet appears 
to have replaced the earlier-formed pyroxene 
to a shght extent; but. the maia bulk of the 
evidence, both the field and the microscopic, 
points to the essential contemporaneity of the 
pyroxene and garnet. 

Epidote, which is rare except m the Blue- 
stone ore body, is clearly syngenetic with the 
pyroxene and garnet that were deposited by 
the ore-forming solutions. In the Bluestone 
ore, however, it has clearly replaced the garnet 
and pyroxene of the first epoch of meta- 
morphism. The replacement is strongly indi- 
cated by megascopic evidence, which shows it 
to have followed the faidting and brecciation 
of the replaced rock, and this megascopic evi- 
dence is confirmed by the microscope. It 
is manifest, therefore, that the replacement of 
the garnet and pyroxene by epidote and sul- 
phides in the Bluestone ore records an event in 
the genesis of the deposit that is of real geologic 
significance. 

Actinolite is most common in the Mason 
Valley ore deposit, where it occiirs irregularly 
distributed through the pyroxenic gangue. It 
does not appear to have originated as a result 
of the introduction of the sulphides, nor is there 
any structural evidence, such as faulting or 
brecciation of the previously formed ore, to 
show that its origin was connected with any 
change in the conditions of ore deposition of 
broad geologic significance. 

The- sulphides occur inclosed in garnet, in 
pyroxene, or in the calcite that in places Ues 
interstitially between the silicates. As the 
silicates strongly predominate in the ores of 
the district, it is clear that on the whole the 
sulphides are more closely associated with the 



silicates than with the calcite. It is further 
apparent that the sulphides have not replaced 
interstitial cajcite, because the silicates are 
invariably idiomorphic against calcite, and 
consequently, if the sulphides did replace cal- 
cite that was formerly interstitial they should 
be molded aroimd idiomorphic garnet and py- 
roxene; as a matter of fact, however, such a 
relation is rarely or never found. If the sul- 
phides replaced interstitial calcite in the garnet- 
pyroxene masses (the calcite being therefore 
essential to their precipitation), it is very 
remarkable that no sulphides have been de- 
posited in the Umestone beyond the border of 
the siUcate masses. This failure of the sul- 
phides to occur in the favorable limestone 
environment beyond the silicate masses is 
therefore highly significant, and it strongly 
supports the other evidence of the essential 
contemporaneity of sulphides and sihcates. 

The chalcopyhte is almost invariably anhe- 
dral; the pyrite, however, is generally euhedraL 
Cubes of pyrite are inclosed in the chalcopyrite, 
and as seen imder the microscope they show no 
sign of fracturing or brecciation. The pro- 
portion of chalcopyrite to pyrite differs widely 
in different deposits; in some pyrite is nearly 
absent, whereas in others it is more than twice 
as abundant as the chalcopyrite. The sul- 
phides are more closely associated in some 
deposits with the pyroxene and actinoUte, as 
in the Mason Valley ore body, and in others 
with the andradite, as in the Douglas Hill 
deposit. The sulphides are not imcommonly 
embedded in pyroxene, which shows no trace 
of alteration to actinolite, so that it is clear that 
the pyroxene was not altered to actinohte as a 
result of the introduction of the sulphides. In 
the Bluestone deposit, which differs from the 
others of the district in that the ore has re- 
placed gametite and related homfelses instead 
of limestone, the sulphides that were formed by 
the metasomatic replacement of garnet and 
pyroxene are invariably accompanied by epi- 
dote, which also has replaced the garnet and 
pyroxene. This paragenetic relation clearly 
imphes that if during the introduction of the 
sulphides the pyroxene was actinolitized the 
sulphides would probably not be inclosed in 
the imaltered pyroxene. 

Fibers and prisms of amphibole project into 
or are inclosed by chalcopyrite, but whether 
this means that the amphibole '^cuts" the 
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sulphide or that the sulphide is later than the 
amphibole and h^ grown around it is not dear. 
From similar relations observed in ore from 
Arizona Tohnan* concludes that the amphibole 
is later than the sulphide it ''cuts/' but this 
conclusion appears to be not more probable 
than the reverse conclusion. It is likely that 
the pyrite bears the same relation to the 
tremoUte that the pyroxene in cross section 
seen in figure 6 bears to the dinopinacoidal 
section in that figure. 

The facts that veinlets composed of prisms of 
quartz, dodecahedrons of garnet, and sulphides 
break across the structure of stratified garnet- 
ites; that veinlets of quartz, calcite, sulphides, 
garnet, pyroxene, and epidote traverse quartz 
monzonite porphyry; and, to take an example 
on a larger scale, that the Ludwig lode, whose 
gangue, although consisting essentially of cal- 
cite and subordinate quartz, nevertheless 
contains notable quantities of andradite all 
show that the deposition of the silicates, per- 
sisted until quartz and calcite were deposited 
simultaneously with them. If, then, in the 
final stage of ore deposition the silicates, sul- 
phides, quartz, and calcite were deposited 
together, it is improbable that the silicates 
would have been replaced by sulphides, quartz, 
or calcite in any of the earlier stages of 
deposition. 

TIME OF ORE DEPOSniON. 

The earliest plutonic rock to invade the 
district was the granodiorite, a medium- 
grained rock. This was followed by the quartz 
monzonite, a coarse-grained rock, areally the 
most widespread rock in the district. Aplite 
succeeded' the quartz monzonite and was in 
turn followed by an extensive injection of 
quartz monzouite porphyry dikes. Faulting 
iken took place, displacing many of the dikes, 
and the metalliferous solutions rose along the 
faults and formed the ore deposits. 

It is therefore important to consider closely 
the relation of the ore deposits to the porphyry 
dikes and to the whole sequence of intrusive 
rocks, for a long lapse of time evidently 
occurred between the consoUdation of the 
parent magma and the deposition of the ore. 
The intrusion of the granodiorite and the 

1 Tolman, C. F., Jr., Observatioiis on certain types of chalcodte and 
their ohanctedstie etch patterns: Am. Inst. Min. £ng. Bull. 110, p. 409, 

mo. 



quartz monzonite profoimdly metamorphosed 
the rocks of the district. It was at this time, 
as was previously shown, that the gametites 
and calcium-silicate homfelses were produced. 
After this metamorphism the quartz monzonite 
porphyry dikes were injected, cutting aU the 
preexisting rocks of the district — limestones, 
calcium siUcate rocks, granodiorite, and quartz 
monzonite. The relation of the dikes to the 
metamorphosed limestones — the calcium sili- 
cate Tocka — ^is of considerable interest. Where 
the porphyries traverse the gametites and 
other calcium silicate rocks they show chilled 
contact selvages. For example, one of the 
prominent dikes southeast of Ludwig splits 
irregularly into branches and incloses masses 
of dense, aphanitic quartz-pyroxene homfels. 
The porphyry is bordered by a notably x^Ued 
selvage, 8 inches wide, within which it is 
aphanitic and carries small phenocrysts of 
feldspar and quartz, although the normal rock 
is so crowded with large cr3rstal8 as to be 
almost granitic in habit. Another dike, which 
i9 more than 100 feet thick, has a chilled 
margin several feet wide bordering the gamet- 
ite it traverses. These observations indicate 
that the calcium sihcate rocks were at a 
temperature low enough to chill the porphyries 
at the time of intrusion, but whether this 
means a long interval between the time of the 
metamorphism when the 6alcium silicate rocks 
origiaated and the intrusion of the dikes ia an 
open question, in view of the lack of quantita- 
tive data on the physics of such phenomena. 

Although it is firmly estabUshed that the ore 
deposition took place after the intrusion of the 
porphyry dikes, yet the question can be raised 
whether the dikes are all of one pulse of intru- 
sion. May not a particular set of dikes — that 
is, a series of granodiorite porphyries — ^have 
foDowed the irruption of the granodiorite, and 
another series the irruption of the quartz mon- 
zonite? If this has happened, it is conceiv- 
able that the faulted and mineralized dikes are 
granodiorite porphyries and that their mineral- 
ization ensued contemporaneously with the 
quartz monzonite intrusion and" prior to the 
injection of the last set of porphyry dikes. Al- 
though it can not be positively ajB&rmed that 
there is not a series of granodiorite porphyries 
distinct from a later series of quartz monzonite 
porphyry dikes, yet, inasmuch as dikes petro- 
graphically Uke those cutting the quartz mon- 
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zonite were highly mineralized during the pe- 
riod of ore deposition, manifestly the ores were 
formed after the last of the porphyry dikes had 
been injected. This is most dearly shown at 
the Ludwig mine. Here the two extreme vari- 
ants of the porphyry dike series are present. 
A thick dike of porphyry, characterized by its 
almost granitoid habit and lack of quartz 
phenocrysts, cuts the hanging-wall country 
rock, terminating against the hanging-wall 
fault. In the lode itself occurs an aphanitic 
porphyry whose quartz phenocrysts are its 
most prominent features; it carries also large 
phenocrysts of orthoclase and similar crystals 
of plagioclase, and it is clearly a quartz mon- 
zonite porphyry similar to those porphyries 
rich in phenocrysts of quartz that are known 
to cut the quartz monzonite. This porphyry 
has been gametized, silicified, and pyritized in 
many places so thoroughly as to be almost be- 
yond recognition. There is little doubt, there- 
fore, that the deposition of the gametiferous 
ores — the contact-metamorphic ore bodies — 
occurred after the injection of the quartz mon- 
zonite porphyry dikes. No intrusions geneti- 
cally related to the quartz monzonite magma 
succeeded the injection of the quartz monzonite 
porphyry dikes. If the ores are genetically 
connected with the quartz monzonite magma, 
as they are believed to be, then their deposi- 
tion was the last manifestation of its hypc^ene 
energy, which was postponed until long after 
the consolidation of the quartz monzonite now 
exposed to view. 

ORIGIN AND CLASSIFICATION. 

The genesis of the ore deposits, although 
anticipated in the previous descriptions, will 
now be recapitulated and attention will be 
called to the theoretical bearing of certain 
features of the ore bodies. 

Granodiorite, followed by quartz monzonite 
in far larger amount, invaded the region prob- 
ably in early Cretaceous time. These intru- 
sions profoundly metamorphosed the invaded 
rocks: they caused the andesites and felsites 
adjacent to them to recrystaUize and in part 
to become schistose, and they transformed the 
Umestones into aphanitic or microcrystalline 
rocks composed mainly of garnet or woUaston- 
ite. Dense, heavy gametites probably pre- 
dominate among the limestones thus metamor- 



phosed, and the pseudomorphic replacement of 
an undistorted Halobia in typical rock of this 
kind indicates that the garnet residted not 
from reciystallization of the impurities in the 
limestone but from the accession of new ma- 
terial, principally silica and iron. In view of 
the extent of the metamorphosed limestone, it 
is evident that silica and iron were added in 
large quantities, but notwithstanding this laige 
addition, no copper or sulphur were added at 
this time. In places the quartz monzonite is 
traversed by veins of scapolite as much as 2 
feet thick and is itself extensively altered to 
scapohte near the veins; but this scapolitiza- 
tion is the only record that chlorine or any other 
pneumatolytic agent was active at thid stage 
in the igneous history of the district. The in- 
trusioi^ of the quartz monzonite was succeeded 
by that of aplite in minor amount and by the 
injection of numerous quartz monzonite por- 
phyry dikes. Faulting then ensued, as is 
shown by the dislocation of the dikes, and along 
certain of the fault fissures metalliferous solu- 
tions rose and formed the ore bodies of con- 
tact-metamorphic type. A long interval of 
time, therefore, separated the intrusion of the 
quartz monzonite and the formation of the ore. 
During this interval the consohdatrog quartz 
monzonite magma di£Perentiated to some ex- 
tent, as the aplite and the porphyry series 
prove; the porphyries, however, do not di£Per 
greatly from the parent magma, being only 
somewhat more salic. 

The ore deposits, as shown by the minerals 
composing thL, were formed at high tempera, 
tures. As the component garnets are gener- 
ally birefringent, it is probable, from some 
experimental work by H. E. Merwin, that the 
temperatures did not, however, exceed 600® C* 
The ore-forming solutions were therefore at 
high temperatures, but whether they were gas- 
eous or Uquid can not be positively afiBj-med 
because of lack of data on the concentrations 
of the various constituents in the solutions. 
Doubtless water strongly predominated. The 
critical temperature of pure water is 370° C; 
the pjesence of the gaseous constituents CO, 
and HjS would lower the critical temperature,' 
but the presence of the difficultly volatile com- 

1 Wright, C. W., Oeology and ore deposits of Copper Mountain and 
Kasaan Peninsula, Alaska: U. S. Oeol. Survey Prof. Paper 87, p. 108^ 
1915. 

* Nernst, W., Theoretiaohe Chemie, 7th ed., p. 115, 1013. 
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pounds would raise the critical temperature.^ 
What was the balance between these two op- 
posing effects in the ore-forming solutions 
under discussion no one can tell, but the prob- 
able strong predominance of water makes it 
likely that their critical temperature was near 
370° C. If, as appears probable, a higher tem- 
perature than this prevailed during the synthe* 
sis of the garnet and pyroxene, the solutions 
were therefore gaseous. The physical condi- 
tion of such solutions has been a matter of con- 
siderable discussion among geologists, but that 
it is of any geologic significance does not seem 
to have been shown. As long ago as 1879 
Hannay and Hogarth determined that sub- 
stances would act above their critical tempera- 
tures as solvents for difficultly volatile com- 
pounds, and confirmatory evidence ha^ been 
since accumulating.' The geologically im- 
portant substance water has, however, not yet 
been experimentally investigated in this regard, 
but the geologic evidence leaves httle doubt 
that water conforms in its behavior with the 
substances experimentally investigated and is 
a solvent above its critical tempe»tiiie. . 

A notable feature of the ore-forming meta- 
moiphism is that some ore bodies, or large 
portions of them, consist almost wholly of 
pyroxene plus some sulphide, whereas others 
consist essentially of andradite. A mass that 
is composed of diopside-hedenbergite (a silicate 
of calcium, magnesium, and ferrous iron con- 
taining 50 per cent of sUica) must differ widely 
in chemical composition from a mass composed 
of andradite (a silicate of calcium and ferric 
iron containing 36 per cent of sihca). That 
these widely differing bodies of silicate rock 
have formed within the same limestone strata 
appears to oppose insuperably any attempt to 
apply the theoretical views of Leith ' to account 
for the sUicate masses of the Yerington district. 
lif in accordance with these views, the deposits 
had resulted laigely from elimination of the 
calcite in the limestones and recrystallization 
of the residual impurities, then the chemical 
composition • of the various sUicate masses 
throughout the district should show a consid- 
erable d^ree of imiformity. It is perhaps 
hardly necessary to apply this test to the 

> Boeke, H. E., Grundlagen der pbysikaUschen-chemlschen Fetro* 
gnptale, pp. 361-263, 1915. 

s Idem, pp. 261-268. 

* Leith, C. K., RecrystalUzatian of limestone at igneous contacts: 
Am. lost. Min. Eng. Trans., vol. 48, pp. 209^214, 1015. 



"recrystallization hypothesis'' in its appU- 
cability to the Yerington district, because so 
many features of the ore deposits absolutely 
negative its adoption, even as a tentative ex- 
planation. Probably the most powerful single 
argiunent against the recrystallization hy- 
pothesis as apphed to this district hes in the 
facts that all the impurities La the limestones 
recrystaUized during the first epoch of meta- 
morphism (and even during this recrystaUiza- 
tion much iron and sUica were added to the 
recrystaUized hmestones) and that the ore 
bodies and their great masses of associated 
garnet and pyroxene were formed by replace- 
ment and, with one exception, by the replace- 
ment of relatively pure hmestones. The single 
exception, the Bluestone ore body, affords if 
possible, even stronger evidence against the 
appUcabihty of the recrystallization hypothe- 
sis, as the ore of this deposit was formed by the 
replacement of brecciated gametite and quartz- 
pyroxene homfels. 

The significance of such iron-bearing sihcates 
as andradite and hedenbergite in contact- 
metamorphic deposits has been amply empha- 
sized in recent years. It appears to have been 
first recognized by Lacroix,* who described a 
contact deposit of magnetite — a deposit that, 
he says, is of a high theoretic importance, as it 
strongly indicates the accession of substance 
from the granite magma. The sihcates accom- 
panying the magnetite are iron-bearing vari- 
eties. Lacroix says: 

The garnet Ib not groesularite but melanite; the pyrox- 
ene is not light-colored diopside but a diopeide near heden- 
bergite; and the amphibole, instead of being faintly tinted 
in pale green in thin section, is extremely deep green and 
is a highly ferriferous hornblende. 

Later work, especially by Kemp and Lind- 
gren, has abundantly confirmed Lacroix's esti- 
mate of the theoretic importance of these 
paragenetic relations. 

Probably the most noteworthy fact con- 
nected with the occurrence of the andradite in 
the Yerington district, aside from its general 
association with the ores, conformably with 
what is now recognized as the rule that the 
garnet of contact-metamorphic ore deposits 
is generally andradite, is that along certain 
faidted contacts the andradite forms the bind- 
ing material of breccias made up of angular 

* Lacroix, A., Le granite des Pyr6n6es et ses ph^omdnes de contact: 
Seryioes carte gtol. Franee Boll. 71, pp. 9-11, 1900. 
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fragments of grossularite rock or allied contact 
rocks f onned during the first period of meta- 
morphiam. 

The distribution of the '^ contact deposits" 
throughout the district independent of close 
proximity to the intrusive rocks is due to the 
thermal history of the district. The long 
interval separating the initial intrusion of the 
granodiorite from the final injection of the 
quartz monzonite porphyry dikes caused the 
invaded rocks to become highly heated and 
temperature gradients to flatten.^ Conditions 
had therefore become favorable to the devel- 
opment of '-contact deposits" at considerable 
distances from the igneous contact. Superim- 
posed upon this favorable condition was an- 
other, possibly even more favorable in this 
respect, namely, that the ore-forming solutions 
ascended along fault channels, thereby extend- 
ing to long distances from the igneous contacts 
the temperature conditions necessary to form 
garnet, pyroxene, and aUied sihcates. The 
maximum distance from the nearest visible 
granular igneous rock at which an andradite 
mass has formed is 2,500 feet. 

As the oire bodies originated at high temper- 
atures, they are clearly linked genetically to 
the igneous intrusion, but whether they were 
deposited by magmatic emanations or by 
meteoric waters stimulated by the heat of the 
intrusion the evidence does not show so 
clearly. The structural complexity of the 
rocks, however, would appear to have been xm- 
favorable to the establishment of a systematic 
circulation of meteoric waters. The conclu- 
sion is thus reached that the ore deposits are 
causally connected with igneous rocks, if not 
consanguineous, and that they were not formed 
imtil considerable time had elapsed after the 
intrusion of the quartz monzonite. Further- 
more, it follows that if the deposits were 
formed by magmatic solutions, as is regarded 
the more probable, the two distinct periods of 
metamorphism, which have been discussed 
under the designations "metamorphism of the 
first period" and ''ore-forming metamor- 
phism," show that material was suppUed by 
the magma or magmas at two separate and 
distinct times; during the first metamorphism 
the addition of material was rather widespread 
in its scope, and during the later, which was 
characterized especially by the addition of cop- 

1 Daly, R. A., If^eous rocks and their origin, pp. IfiS-lOO, 1014. 



per and sulphur, it was rather localized and 
resulted in ore deposition. 

At this point the questions arise: Are the 
pyroxenic and gametiferous copper deposits of 
the Yerington district properly called contact- 
metamorphic ore bodies? What, in fact, are 
the distinctive features of contact-metamorphic 
ore deposits ? Three criteria for distinguishing 
deposits of this kind are generally recognized as 
valid — (1) that the deposits commonly occur in 
hmestone at or near its contact with an intru- 
sive igneous rock; (2) that the sulphides are 
associated with contemporaneously formed ox- 
ides, chiefly of iron; and (3) that the metallif- 
erous minerals are associated with contact- 
metamorphic silicates, among which garnet, 
pyroxene, epidote, and amphibole predominate. 

When actual usage is examined, however, 
it is found that the third criterion — the presence 
of "contact" silicates — ^is the sole diagnostic 
feature. Visible nearness to an irruptive rock 
is not necessary, though opinions wiU differ as 
to what constitutes ' 'nearness. " For example, 
the copper deposits of Phoenix, British Co- 
lumbia, consisting of chalcopyrite, pyrite, and 
hematite in a gangue of epidote and andradite, 
are from 1 to 2 miles distant from the nearest ex- 
posure of the granodiorite batholith to which 
they are genetically related;' but this distance 
appears to be the greatest at which ore bodies 
of this kind are laiown to occur. Moreover, 
according to Lindgren,* ' 'Some ore deposits of 
the contact-metamorphic type occur at a dis- 
tance from any intrusive rock to which their 
origin could be attributed" — ^a statement of 
itself clearly impl37ing that ore deposits of the 
contact-metamorphic type are recognizable 
otherwise than by their nearness to intrusive 
masses. Of the seven types of deposits that 
Lindgren groups under the contact-metamor- 
phic class many representatives are known in 
which the sulphides are not associated with 
magnetite or hematite. The one distinctive 
feature of the contact-metamorphic group, 
then, is the association of metalliferous minerals 
with contact silicates. These siUcates are as 
a rule characterized chemically by the domi- 
nance of calcium among the positive radicles; 
they are the mineral witnesses of the fact that 
the ore deposits containing them were formed 

* LeRoy, O. E., The geology and ore deposits of Phoenix, Boundary 
district, British Columbia: Canada Oeol. Survey Mem. 21, p. 07, 1812. 
s Lindgren, Waldemar, Mineral deposits, p. 675, 1013. 
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at high temperature in a limestone environ- 
ment. 

Contact-metamorphic ore deposits may be 
regarded as a special facies of one of the two 
forms of contact metamorphism recognized by 
petrologistSy namely, as a facies of pneumato- 
lytic contact metamorphism, as distinguished 
£rom normal contact metamorphism such as is 
typified by the classic example of Barr-Andlau. 
The special facies is of course due to the occur- 
rence of sulphur and of heavy metals such as 
copper in the metamorphosing solutions. Now, 
the characteristic features of pneumatolytic 
contact action are that it takes place after the 
normal metamorphism has been effected and 
that it is localized along fractures and fissures, 
instead of forming a continuous aureole of 
metamcHphic rock encircling the' intrusive 
rock. These relations have long been specially 
emphasized by Lacroix,^ Rosenbusch,' and 
other petrologists and may be considered as 
well-established laws of petrology. They are 
particularly well illustrated in the Christiania 
region, as recently described by Goldschmidt.' 
In this region the pneumatolytic contact meta- 
morphism produced numerous argentiferous 
zinc-lead ore deposits having a gangue of andra- 
dite and fluorite. These deposits are situated 
along faults, the fault at Glomsrudkollen, for 
example, having a throw between 1,000 and 
2,000 meters.* 

Among economic geologists there appears to 
be some hesitation to classify the deposits of 
this kind that occur along fissures as typically 
contact metamorphic. According to Krusch,* 
where fissure fiHings have resulted from contact- 
metamorphic agencies, the distinction between 
contact deposits and fissure deposits becomes 
diflScult. That the attempted distinction is 
rather artificial is shown, for example, by a 
consideration of the geologic relations of the 
contact-metamorphic sphalerite deposit at 
Glomsrudkollen, just referred to.. The ore of 
this deposit consists of sphalerite, pyrrhotite, 
and pyrite in a gangue of fluorite and andra- 
dite, and it is localized along the fault of large 

> Lacrolx, A., L« gnuiite des Pyrdn^ et ses ph^om^Des de contact: ' 
Serrioes carte gM, France Bull. 71, pp. 62-67, 1900. 

s Rooenbuach, H., liikroacopische Pbysiographie der massigen Ge- 
steine, 4th ed., vol. 2, pt. 1, pp. 123-127, 1907. 

• Goldsehmidt, V. M., Die Kontaktmetamorphose im Krlstianiageblet, 
pp. 70, 86, 106, 1911. 

« Idem, p. 88. 

• Kraach, P., Die ClassiflcatioD der Erzlagerstatten von Kupferbeii; 
In Sdileden: Zdt scbr. prakt. Geologie, Jahrg. 1601, p. 228. 



throw previously mentioned. It occurs whero 
the fault traverses limestone, but where the 
fault traverses granite or quartz porphyry 
greisen occurs, consisting of muscovite, quartz, 
pyrite, and locally much specular hematite. In 
short, the greisen and the contact-metamorphic 
ore bodies were formed by the same solutions; 
they are therefore genetically coordinate, but 
this close kinship is not denoted by the termi- 
nology usually employed ; and this leads again 
to the previously expressed conclusion that the 
distinguishing features of contact-metamorphic 
ore deposits result from their formation at 
high temperature in a limestone environment, 
and that the sole criterion diagnostic of these 
deposits is the presence of contact silicates, 
which are generally of calcic composition. 

From the forgoing discussion it appears 
necessary to conclude that the Yerington de- 
posits are clearly members of the contact- 
metamorphic class. The special features of 
broader import as to the theories of ore deposi- 
tion that they illustrate exceptionally well are 
(1) the long time that intervened between the 
formation of the ore deposits and the con- 
solidation of the magma on which they are 
genetically dependent; (2) the great amount of 
material, principally iron* and siUca, that was 
added to the sedimentary rocks during this 
interval, without traces of ore deposition; and 
(3) the genetic dependence of the contact- 
metamorphic ore on fault fissures, along which 
the fractured or brecciated limestone has been 
metasomatically replaced by garnet, pyroxene, 
and sulphides. 

OXIDATION AND SULPHIDE ENRICHMENT. 

The ores in general are not oxidized exten- 
sively or to great depths. Residual sulphides, 
in fact, commonly occur in the outcrops of the 
oxidized ores. Enrichment by supergene sul- 
phides has not been important. The bulk of 
the copper output of the district has come 
from primary ores. Water level has not been 
reached in any of the mines except the Ludwig, 
where it was struck at a vertical depth of 500 
feet. 

The notable features of the oxidized ores are 
the prevalence of gypsum, chalcanthite (blue- 
stone), chrysocoUa, and copper pitch ore. 
Chalcanthite was formerly abundant enough 
to be mined to supply the amalgamating miUs 
of the Comstock lode; it is even now common 
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in the oxidized ores yet remaining, especially 
of the Bluestone mine. Its prevalence is of 
course a direct result of the existing arid cli- 
mate. The oxidized ores are permeated with 
gypsum, which in places forms plates as much 
as an inch in diameter and a quarter of an inch 
thick. Narrow veinlets of gypsum are also 
common. The gypsum in the oxidized ores 
was derived from the action of sulphuric acid 
on the interstitial calcite of the gangue and 
probably to some extent from the action of the 
acid on the andradite, which, as Bei^eat ^ 
has shown, is easily decomposed by dilute 
sulphuric acid. Its prevalence proves that 
throughout the history of the ore bodies the 
downward movement of oxidizing water has 
been sluggish— so sluggish as to be unable to 
remove so soluble a compound as gypsum. 
This imperfect lixiviation in the zone of oxida- 
tion is clearly due to the general imperviousness 
of the massive garnet-pyroxene ores. 

ChrysocoUa and the related copper pitch ore 
are relatively abundant among the oxidized 
compounds. Their prevalence is due to two 
factors; first, the andradite, easily decompos- 
able by weak sulphuric acid, furnished abun- 
dant colloidal silica, and, second, the rapid 
neutralization of the. sulphuric acid (in which 
chrysocoUa and copper pitch ore are readily 
soluble) by the calcite and the andradite of 
the ore allowed their ready precipitation. 

The ores have not been notably enriched 
by secondary (supergene) sulphides, and more- 
over, the zone of enrichment is not sharply 
separated from the zone of oxidation. The 
supergene sulphides occur as a rule as soft, 
sooty bluish-black or black material. They 
have formed chiefly at the expense of the chal- 
copyrite originally present, and in some ore 
this action has gone so far that the chalcopy- 
rite has wholly disappeared, leaving the pyrite 
essentially intact. This selective replacement 
is common throughout the district and is per- 
haps the most noteworthy feature of sulphide 
enrichment that the district exemplifies: Co- 
vellite and chalcocite are the two sulphides 
formed during enrichment. They are inva- 
riably associated closely with gypsum, which not 
only occurs as plates intergrown with them but 
also penetrates them in veinlets. It is found as 
far down as enrichment extends. 



1 Bergeat, Alfred, Per Oranodiorit von Conoepdon del Oroim Staate 
Zacatecas (Mexiko) and seine Kontaktbildungen; Neues Jahrb., 
B eilage Band 28, p. 634, 1909. 



The covellite, as may be seen on polished 
sections of ore, has tended to replace the chal- 
copyrite along crystallographic directions, 
forming triangular and rhombic patterns, 
obvious even to the unaided eye.* Possibly 
these directions are those of the pyramidal 
cleavage (201) of the chalcopyrite, which Dana 
says is sometimes distinct; but etching with 
potassium cyanide failed to bring out the 
cleavage, so that this supposition is unverified. 
In general, however, the covellite traverses the 
chalcopyrite in networks of minute veinlets; it 
is from some of these that branches extend 
parallel to the supposed cleavage. 

Chalcocite, like the covellite of the district, 
has formed chiefly at the expense of the pri- 
mary chalcopyrite. It was more abundant 
at the Ludwig mine than in any other deposit 
of the district. 

The conditions of oxidation and sulphide 
enrichment in the Ludwig lode differ rather 
markedly from those prevailing in other de- 
posits of the district. These differences have 
resulted from its lode form, its siliceous char- 
acter, and its greater perviousnessi due to post- 
mineral shattering. Owing to this combination 
of circumstances the lode has been oxidized 
and leached down to water level, at a vertical 
depth of about 500 feet. Below the leached 
zone is the chalcocitized zone, at its maximum 
not. much over 100 feet in vertical extent and 
averaging much less than this. In view of the 
large quantity of highly leached gossan above 
water level, the amount of chalcocite formed 
was disproportionately small. This meager 
enrichment is explicable as due to the fact that 
the lode, which dips 70° E., is underlain by 
limestone. The acid copper-bearing solutions 
formed by the oitidation of the primary pyrite 
and chalcopyrite flowed in large measure into 
the footwaU, their ingress into which was facili- 
tated by the postmineral faulting and shatter- 
ing. Once in this calcitic environment the 
acid was neutralized and the copper was pre- 
cipitated as carbonates, copper-pitch ore, 
chrysocoUa, and cuprite. Tlie ore thus de- 
posited shows a rather well defined layering 
parallel to its inclosing walls, and much of it 
plainly fills solution cavities in the limestone. 
On the other hand, the local replacement of 

1 A. F. Rogers (Seoondary sulphide enrichment of copper aces with 
special reference to microscopic study: Mln. and Sd. l4es|, vol. 100, 
p. 684, fig. 5, 1014) has described a similar replacement of chalcopyiiie 
by covellite in ore from the Rambler mine, Wyo. 
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limestone by chrysocolla is remarkably well 
shown. In conclusion^ the relations shown at 
the Ludwigmine suggest that bad not the lode 
been underlain by limestone large amoimts of 
copper would have been dispersed and not 
reprecipitated and so would have been lost be- 
yond recovery, and that therefore the process 
of supergene sulphide enricbment is likely to be 
extremely wasteful of copper. 

FISSUBE VEINS AND OTHER DEPOSITS. 

In addition to the contact-metamorphic 
deposits a few fissure veins and related deposits 
occur in the district, but none of them have 
yet attained economic prominence. The only 
fissure vein that was being worked in 1914 
was the Montana-Terington, in which the 
ore bodies occur in a crushed and foliated 
zone in granodiorite. The ore consists chiefly 
of chalcopyrite with minor amoimts of euhedral 
pyrite, associated with finely dissemiuated 
plates of specular hematite. At the Empire- 
Nevada mine scattered bunches of cuprite 

38330<>— 18 i 



ore in quartz monzonite porphyry are being 
worked, but the primary sulphides from 
which these have been derived have not so far 
been disclosed. 

In the granodiorite hills east of the town of 
Terington, an area not shown in the map 
accompanying this report, occur a group of 
fissure veins in which chalcopyrite and pyrite 
are associated with specular hematite in a 
gangue of quartz. Representative of these 
are the New Yerington and the Butte & Yer- 
ington; at the Black Rock prospect the chal- 
copyrite is inclosed in quartz that carries 
much magnetite intergrown with specularite. 

A few narrow quartz veins are inclosed in 
{he quartz iJaonzonite in the southwest comer 
of the mapped area, a few miles south of 
Ludwig. They cany pyrite aud chalcopyrite 
and in one a miuor amount of galena — the 
only occurrence of a primary sulphide in the 
district other than pyrite and chalcopyrite— 
but the tahie of these ores is in their gold 



content. 



t uic,*!.;-.' 



.f 



Part III. MINES AND PROSPECTS. 



MINES AND PBOSPSCTS ON CONTACT-MSTAHOB- 

PHIC DEPOSITS. 

BLlTESTOini KIRS. 

The Bluestone mine, the oldest in the dis- 
trict, is 1^ miles west of Mason, at an altitude 
of 5,400 feet. In the seventies it supplied 
natural bluestone to the amalgamating mills 
on the Comstock lode. Later a small smelter 
was built near the mine and was nm for a 
time on oxidized ore, but the high cost of fuel, 
which had to be hauled from the railroad at 
Wabuska, soon brought operations to a close. 
In recent years work has been restricted 
mainly to exploration and development of 
the ore. In 1917 the mine became produc- 
tive, supplying 1,000 tons of ore a day to the 
smelter at Thompson. 

The mine is opened by two adite. The 
lower or main adit, whose portal is at an 
altitude of 5,151 feet, entering from the east, 
undercuts the ore-bearing zone at a depth of 300 
feet, 780 feet from the portal. The principal 
development, however, is on the upper or 
100-foot level, which connects with the surface 
through an adit entering from the west at an 
altitude of 5,370 feet. This level consists of 
an irregular network of drifts and crosscuts 
intersecting the ore body. Considerable work 
has also been done on the 200-foot level, but 
comparatively little on the three levels or 
sublevels below this. The total development 
work aggregates about 7,000 linear feet. 

The rocks in the vicinity of the Bluestone 
mine consist principally of highly metamor- 
phosed limestones-, the soK^alled calc-silicate 
homfelses, which on the west have been faulted 
against granodiorite. Two thick dikes of 
quartz monzonite porphyry intersect the lime- 
silicate rocks, and an aplite dike occurs a 
short distance north of the mine. 

The details summarized in the preceding 
paragraph will now be presented. White 
lime-silicate rocks, interstratified with beds o^ 
white marble, make up the north end of the 
ridge extending north from the mine. They 
strike N. SS*" E. and dip 70° N. They con- 
sist largely of wollastonite, with subordinate 
50 



diopside and tremolite. Underlying these are 
darke^<^olored lime-silicate rocks, mainly dense 
fine-grained gametites, which constitute the 
country rock in ^ the immediate neighborhood 
of the mine. Associated with them, however, 
are a few strata of quartzite-like appearance, 
which are found under the microscope to be 
composed of quartz and pyroxene. These 
lime-siUcate rocks form a belt about 1,000 feet 
wide at the mine, which is bounded on both 
sides by faults — one on the west separating 
it from granodiorite and one on the east 
separating it from rhyoUte. (See PI. Ill, 
section C-C^) Both fault contacts are well 
shown in the main adit; that between the 
rhyoUte and lime-sihcate rocks is 210 feet 
from the portal and dips 77^ E., and that 
between the lime-sihcate rocks and the grano- 
diorite is near the face of the adit and dips 
35° E. These faults converge northward, 
causing the Ume-silicate belt to narrow abruptly 
in that direction. 

One of the quartz monzonite porphyry dikes 
is fairly well exposed at the ''head frame shaft. " 
It is at least 50 feet thick, is highly shattered, 
and locally is so thoroughly epidotized as not to 
be easily recognizable. It is cut off by a 
transverse fault and displaced somewhat over 
100 feet to the east. This fault appears to have 
been the principal channel along which ore- 
forming solutions ascended. 

The ore body in plan, as shown on the 100- 
foot level, is roughly elliptical. The major 
axis, which trends about N. 30° W., is 400 feet 
in length, and the minor axis is 200 feet in 
length. The area thus circumscribed is, how- 
ever, not imiformly mineralized, and parts of 
it are in fact of too low grade to be ore. The 
northwest end of the ore-bearing area coin- 
cides with the fault along which the quartz 
monzonite porphyry dike has been displaced, 
and here the ore formed a rich lodeUke shoot, 
as stoped out in drift 106. 

The ore-bearing zone is separated on the 
footwall side from the barren country rock 
by a well-Klefined fissure, locally known as 
''the footwall," which trends N. 15*^ W. and 
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dii)s 35^ E., steepening to 45^ on the 200- 
foot leveL The ore does not, however, extend 
eveiywhere to the footwall. Toward the 
hanging wall the copper content gradually 
diminishes, but some of the hanging-wall 
country rock is said to average 0.75 per cent 
of copper for 200 feet beyond the limits of 
the commercial ore. The country rock of the 
footwall zone, of the hanging-wall zone, and 
m fact in all barren portions of the mine 
differs in appearance from that of the ore- 
bearing parts in that the barren rock is com- 
posed of silicates that are lighter colored than 
the epidote that is characteristically associated 
with the ore. As verified under the microscope 
the barren rock is made up chiefly of fine- 
grained massive garnet. 

The ore consists of chalcopyrite indosed 
in a gangue consisting predominantly of 
finely granular epidote with subordinate quartz 
and calcite. Owing to the prevalence of 
epidote the ore is of dark-greenish color, a 
feature that distinguishes the ore-bearing rock 
from the barren gametite. The chalcopyrite 
occurs as grains and irregular small masses; 
pyrite is absent from the main ore body but 
appears in the low-grade material of the 
hanging-wall country rock. The ore shows in 
places an obscure breccia structure, which 
is due to the fact that such ore is composed of 
angular fragments of gametite, of quartz- 
pyroxene homfels, or of porphyry, which 
have been cemented by chalcopyrite, epidote, 
quartz, and pyroxene. The breccia structure 
is particularly well displayed near drift 121, 
where the quartz monzonite porphyry dike 
has been crushed and the angular fragments 
thus produced have been epidotized and sur- 
rounded by sulphides. The breccia structure 
has in this way been strikingly emphasized. 
That the epidotization and the deposition 
of chalcopyrite took place together is obvious; 
and if in other parts of the mine the breccia 
structure is generally less evident than in drift 
121 it is probably due to the obliteration of 
the gametite fragments through replacement 
by epidote. Some of the ore, however, incloses 
fragments of gametite, and when examined 
under the microscope clearly shows not only 
that epidote along with the other minerals 
fills the fracture, but that the epidote has 
grown at the expense of the garnet, invading 



and destroying it. The end result of intensive 
action of this kind was chalcopyrite-epidote 
ore. 

The outcrop of the Bluestone ore body 
was laigely covered with soil and hence 
inconspicuous. The barren capping is thin, 
however, nowhere exceeding 10 feet. The 
surface workings disclose notable quantities 
of bluestone and gypsumu Both of these min- 
erals ranufy through the oxidized material in 
veinlets characterized by cross-fiber structure. 
Unaltered nuclei of chalcopyrite, however, 
are present in the oxidized ore, and in general 
the depth to which oxidation has progressed 
is inconsiderable, in few places extending to 
the 100-foot level. Enrichment by supergene 
sulphides is unimportant; sporadically the chal- 
copyrite has been in part altered to steely chal- 
cocite, but in general tihe small amount of enrich- 
ment that has occurred has produced only sooty 
films on the chalcopyrite. 

The Bluestone ore body attains its maximal 
dimensions on the 100-foot level; it is con- 
siderably smaller on the 200-foot level, and 
in the lower workings the metallization, which 
is mainly pyrite, is clearly confined to narrow 
fissures traversing dense, massive gametite. 
The quantity of ore blocked out is estimated 
by the manager as 1,000,000 tons, averaging 
2.5 per cent of copper. 

MA80V VAIXBT KIHS. 
HISTORY AND DBYBLOPMSNT. 

The Mason Valley mine is 1} miles west of 
Mason. Between 1870 and 1876 the mine 
furnished considerable bluestone to the mills 
on the Comstock lode. No large output of 
copper ore was made, however, until after the 
mine was acquired by the Mason Valley Mines 
Co. Active development by this company 
began in March, 1907, but copper was not pro- 
duced imtil after the smelter, built by the com- 
pany at Thompson, 16 miles from the mine, 
was blown, on January 6, 1912. The develop- 
ment work done by the company aggregated 
23,107 feet at the end of 1914. 

The mine yielded 98,912 tons of ore in 1912, 
114,854 tons in 1913, and 75,038 tons in 1914. 
The total production aggregates 288,900 tons, 
which averaged 2.75 per cent of copper. An 
estimate of the ore reserves available in 1910 
was made by the company's engineer as fol- 
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lows:* 1;074,635 tons, assaying 3.95 per cent of 
copper; 92,000 tons, assaying 2.38 per cent of 
copper; and 100,000 tons^ assaying 1.90 per 
cent of copper. 

On account of the break in the price of cop- 
per during the early months of the European 
war, the mine and smelter were forced to shut 
down in the middle of October, 1914. They 
remained idle during 1915 atid 1916 but re- 
opened in 1917. 

The mine is developed principally by cross- 
cut tunnels, the upper one of which cuts the 
ore zone at a depth of 90 feet. The main 
tunnel, known as No. 4, is at an altitude of 
5,096 feet; it cuts the ore at 1,200 feet from 
the portal and attains a depth of 410 feet be- 
low the outcrop. The ore is hauled out of the 
mine by electric traction and delivered to an 
aerial tramway, 6,250 feet long, which con- 
nects the mine with the railroad at Mason. A 
minor level, 70 feet below No. 4 tunnel level, 
has also been opened. The ore zone has 
further been explored by diamond drilling. 
The shrinkage stope system is the method of 
mining employed; the ground stands well, and 
Uttle timber is required. 

GEOLOGIC FEATURES. 

The ore bodies of the Mason Valley mine 
consist of irregular lenses of pyrite and chalco- 
pyrite in a gangue of pyroxene and garnet. 
These lenses occur in a gametized zone which 
Ues between a footwall of felsite tuff-breccia 
and andesite, and a hanging wall of limestone. 
The ore-bearing zone is about 1,200 feet long 
and from 150 to 375 feet wide. It is termi- 
nated on the north by faults, which have 
dropped a wedge of granodiorite between the 
ore zone and the Tertiary rhyolites on the 
north. 

The geology in the vicinity of the mine is 
complex, as may be seen from inspection of 
figure 7, in which the distribution of the rocks 
is shown in considerable detail; its complexity 
is due to the profound metamorphism that has 
taken place here and to the severe faulting 
that has occurred during several epochs of 
disturbance. The most impressive evidences 
of metamorphism are the large areas of lime- 
stone and felsite that have been converted 
completely into garnet and epidote rocks. 

— ■* ■ --I — — - ■ - 

1 iCason Valley MlnM Co. First Aim. Rept., for the year ended Dec. 31, 
lOlO, 19U. 



The most important rocks in the vicinity of 
the Mason Valley mine are crystalline Ihne- 
stones, ranging from fine to coarse grained. 
They are the rocks that have been altered into 
ore in the ore-bearing zone. They strike abgut 
north and dip 70^ or more to the west. Below 
them lie felsites and lime-silicate rocks, prin- 
cipally gametites; and below the gametites 
is thin-bedded black limestone, which strikes 
N. 25° E. and dips 70° W. The gametites are 
dense, heavy brown rocks of fine grain; under 
the microscope they are found to consist 
wholly of garnet, whose refractive index (1.81) 
indicates it to be a variety halfway inter- 
mediate between grossularite and anditidite. 

Igneous rocks are abundant near the mine 
and comprise a con»derable number of types. 
The oldest are the felsites of Triassic age. A 
belt of felsite tuff-breccias, 100 feet wide, 
forms the footwall along the greater part of 
the ore zone. Part of the breccia is composed 
of sharply angular fragments of felsitCi aver- 
aging a quarter of an inch in diameter and con- 
taining small sporadic phenocrysts of quartz. 
The breccias range in color from white to 
black, and where the fragmental structure is 
not apparent it is impossible to establish the 
identity of the rocks without the aid of the 
microscope. A notable feature of the breccia 
belt is the profound metamorphism it has 
undergone from place to place. Large 
amoimts of it have been converted to fine- 
grained yellowish-green rocks composed solidly 
of epidote. In places it is obvious that this 
transformation has spread out from fractures. 
Toward the south end of the belt the action 
was particularly intense, and the felsite breccia 
was converted into a gamet-epidote rock over 
an area of several thousand square feet. 

Other felsites occur below the footwall brec- 
cia. Thin beds of breccia and tuff are inter- 
calated in the gametite and other lime-silicate 
rocks. A belt of felsite is well exposed on the 
road between the office and the powder maga- 
zine; it is a snow-white dense variety, which 
resembles a dense fine-grained quartzite, but 
its analysis, given on page 15, proves its igneous 
origin. 

An irregular mass of porphyry, here provis- 
ionally termed andesite, occurs also in the f oot- 
wall of the ore zone. Its irregular shape stig- 
gests that it may be intrusive, but careful 
search failed to reveal any evidence tending to 
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prove or disprove this possibility. The andes- 
ite carries numerous phenocrysts of plagio- 
clase in an aphanitic groundmass; it is pyri- 
tized and at the surface is considerably oxi- 
dized. Underground this rock is exposed in 
the footwall crosscut of No. 4 level, where it is 
found to be a moderately dark porphyry show- 



A belt of granodiorite occurs at the north end 
of the ore zone, where it is faulted between the 
pre-Tertiary rocks on the south and the Ter- 
tiary rhyolites on the north. Segments of the 
quartz monzonite porphyry dikes that followed 
the granodiorite intrusion are prominent at 
the mines and in the surroxmding area and 
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ing abundant crystals of andesine; it is heavily \ 
pyritized, with the development of epidote, | 
chlorite, and biotite. The andesite clearly 
came into its present position before the min- 
eralization took place, and the most probable 
conjecture is that it represents a phase of the 
Triassic volcanic activity. 



afford registers of some of the faulting that has 
taken place. The quartz monzonite porphyry 
dike that crops out strongly in the gully east of 
the incline tramway is cut by four small basic 
dikes, and similar dikes are rather conmionly 
observed imdergroimd, especially in the north 
end of the ore zone. They range in thickness 
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from 6 inches to 6 feet. They are later than 
the ore, which they cut, and show a notable 
tendency to split into branches. They appear 
to be of no especial significance and constitute 
so much waste rock in the ore. They are prob- 
ably undei^roxuid equivalents of the basalt 
flows of the district and are consequently of late 
Tertiary age. 

The most prominent igneous rocks are the 
rhyolites, which because of their brilUant color- 
ing and sharply eroded forms make a conspicu- 
ous element of the surface features at the mine. 
They are faulted against the rocks of the ore- 
bearing zone; they are of Tertiary age and 
hence of much later origin than the ore deposits. 
They are therefore of no economic importance 
in the exploration of the ore bodies. 

The ore consists of chalcopyrite and pyrite 
in a gaogue of pyroxene, garnet, and calcite. 
The pyroxene is by far the dominant gangue 
mineral, making up more than 75 per cent of 
the ore; it is a grayish-green variety halfway 
intermediate in composition between diopside 
and hedenbergite, as shown by its analysis on 
page 32. It is lamellar in habit and commonly 
forms radial groups 2 or 3 inches in diameter, 
though groups 10 inches across are observable 
here and there. The garnet, which proves to 
be andradite, appears to occur principally on 
the edges of the ore lenses. It is notably true 
that the great masses of barren lime-siUcate rock 
associated with the ore bodies are highly gamet- 
iferous; in fact, they are essentially game tites. 
Thicknesses of over 100 feet of such barren 
gametite are shown in the footwall crosscuts 
on No. 3 level. 

Other minerals occurring in the sulphide ore 
are actinolite, calcite, chlorite, quartz, and mag- 
netite. The actinoUte forms the dense dark- 
green gangue rather characteristic of the Mason 
Valley ore; the calcite is invariably present 
as a minor interstitial component; the chlorite 
and quartz are recognizable only under the 
microscope; and the magnetite is an in%iitesi- 
mal constituent. 

The oxidized ore consists of cuprite, native 
copper, azurite, malachite, and chalcanthite, 
together with gypsum and Umouite and partly 
decomposed pyroxene and garnet. Oxidation 
has locally extended as deep as No. 3 level, but 
the principal bodies of oxidized ore occur nearer 
the surface. Sulphides, in fact, occur in the 
outcrop. Some small amount of enrichment 



by secondary sulphides has taken place, chiefly 
by the development of covellite. Oxidation 
and sulphide enrichment have been restricted 
to zones of postmineral fissuring; they have 
been retarded by the presence of calcite and the 
imperviousDess of the pyroxene gangue. Off- 
setting the presence of the calcite, however, is 
the prevalence of pyrite, which has yielded suf- 
ficient sulphuric acid to sulphatize the calcium 
carbonate. This reaction accounts for the high 
gypsum content of the oxidized ore; and the 
abundance of this comparatively soluble miaeral 
proves the slu^ish and ineffective lixiviation 
of the oxidized zone. The presence of chal- 
canthite in minable quantities is of course a 
testimony of the extreme aridity of the recent 
(post-Lahontan) climate. 

The ore-bearing zone trends north and dips 
steeply to the west; it is 1,200 feet long and 
from 250 to 375 feet wide. On the north it is 
faulted against granodiorite, which Ut» as a 
narrow wedge between it and the Tertiary 
rhyolites. The footwall of the ore zone is the 
felsite tuff-breccia; its dip from the surface 
down to No. 4 level av^ages 70® W., but below 
this level it either flattens considerably or is 
displaced by a flat-lying fault. The hangrug 
wall is marked by a zone of fissuring and crush- 
ing, dipping 75® W.; in places the shattered 
and broken limestone attains a width of 50 feet. 
The general structural relations at the mine are 
shown in figure 5 (p. 37), which is a section 
through tunnel No. 4, making an angle of 60® 
with the trend of the ore-bearing zone. The 
quartz monzonite porphyry dike is cut at right 
angles to the line of the section, so it is shown 
with its normal dip; the two basic dikes, how- 
ever, make large angles with the line of the 
section, and their dips are consequently shown 
flattened to half their real amount. A belt 
of felsites, 80 feet wide as exposed in tunnel 
No. 4, lies immediately under the footwall but 
is not shown separately in the figure. 

The general northerly strike of the footwall 
of the ore-bearing zone is broken near its south 
end by a fault striking N. 40® W., whereby 
the southern extension of the ore zone was dis- 
placed about 125 feet southwestward, as deter- 
mined by the mapping of the surface geology. 
(See fig. 7.) This faulting occurred before the 
primary mineralization took place, and this 
fact has a bearing on the exploration for new 
ore bodies, as is pointed out on pages 35-37. 
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Postmineral disturbance has occtured along 
the f ootwali fissure of the ore zone and has pro- 
duced considerable crushing, which is well 
shown on No. 1 level and the 170-foot sublevel 
below it. This crushing has facilitated the 
oxidation to greater depth and thoroughness 
than is common in the mine and accounts for 
the occurrence of high-grade oxidized ore found 
in the so-called east ore body. 

The ore zone is made up of the ore bodies, 
pyroxene and garnet masses, and limestone. 
The ore bodies on the hole are situated nearer 
the hanging-wail fissure; below them — that is, 
toward the f ootwali — are great masses of barren 
garnet rock, attaining thicknesses as great as 
200 feet. These relations are well shown in 
figure 5; the positions of ore and garnet rock 
are shown only for the diflTerent levels, as lack 
of data did not admit of their representation 
for the intervening space. 

The ore bodies are irregular masses and 
lenses of irregular copper content. They grade 
into lean pyroxene rock, or into barren garnet 
rock, or into limestone. The transition from 
ore to pure limestone is as a rule extremely 
abrupt. The limestone adjoining the ore 
shows no coarsening of its grain; in this respect 
it contrasts with most ore deposits of similar 
type, in which proximity to ore is indicated 
by the increasing granularity of the inclosing 
limestone. Many of the ore lenses are of 
great size; and as the ground stands well after 
extraction of the ore large chambers have 
resulted, some being 100 feet long, 30 to 50 
feet wide, and 50 to 60 feet high. The largest 
ore bodies occur on No. 3 and No. 4 levels; on 
No. 3 level the ore is practically continuous 
for a length of 800 feet. The copper content 
is erratic, however, and it is obvious that, as 
in most other contact-metamorphic ore de- 
posits, it would be difficult to estimate the cop- 
per content with much accuracy in advance of 
exploitation and extraction. The ore so far 
developed on the 470-foot level is mainly lean 
garnet-pyroxene rock. 

The main outcrops of the Mason Valley ore 
bodies are near the north end of the ore-bearing 
zone. Toward the south end outcrops of ore 
or other indications of ore are insignificant, 
yet as shown by the underground development 
large ore bodies occur below what on the surface 
is nothing but pure limestone. 



In recent years an ore body was' discovered 
in crosscutting east from the lime stope above 
No. 1 tunnel level, which is called the east ore 
body. Being somewhat closer to the felsite 
footwall than the ore bodies occurring in other 
parts of the mine, it lies somewhat to the east 
of them. A footwall crosscut was driven east 
from plug 373 for a distance exceeding 200 feet 
on No. 3 level, all in gametiferous rock, in the 
endeavor to prove the downward extension of 
the east ore body. In this part of the mine the 
footwall of the ore zone is displaced about 125 
feet to the southwest by a premineral fault; 
therefore, inasmuch as in the rest of the mine 
the ore tends to .occur between the limestone 
and the gametiferous zone that lies on the foot- 
wall, the ore zone in this part of the mine ought 
here to bend rather abruptly southwestward. 
Accordingly, crosscuts driven westward from 
this footwall crosscut will explore a considerable 
block of ground in which masses of ore are likely 

to occur. 

VAZJicRrrx mxvx. 

The Malachite mine adjoins the Mason 
Valley mine on the south, and its workings 
connect with those of the 300-foot level of the 
Mason Valley mine. The geology of the 
vicinity of the portal of the main tmmel is 
shown in figure 7. The fault cutting oflf the 
quartz monzonite porphyry dike at the main 
timnel is well exposed at the surface and shows 
that the porphyry has been altered largely to 
epidote for a distance of 20 feet from the fault. 
Hie principal ore shoot has mineralogic fea- 
tures like those of the ore in the Mason Valley 
mine, consisting of pyrite and chalcopyrite in 
a gangue of grayish-green lamellar pyroxene, 
with subordinate brown garnet. 

In addition to the ore found in the southern 
extension of the Mason Valley ore zone, some 
bodies of cupriferous lime-sihcate ore have 
been explored that occur on the low ridge on 
the east side of the road to the McConnell mine. 
They are situated along the contact of felsite 
and gray limestone. 

MoOOlTHXLL MIHB. 

The McConnell mine, owned by the McCon- 
nell Mines Co., is on the east flank of the range, 
about a mile southwest of the Mason Valley 
mine. The main workings consist of a large 
open cut or glory hole, the ore being taken out 
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throu^ two tunnels, the lower of which 
attains a depth of about 100 feet below the 
croppings. A vertical shaft 400 feet deep 
has been sunk and levels turned at depths of 
200 and 400 feet. 

Production began in March, 1912, at the 
rate of 50 tons daily and continued until 
November, 1913. The output aggregated 
24,100 tons of ore, averaging slightly more 
thian 3 per cent of copper. The ore carries no 
gold nor silver. 

The mine is situated in the thick belt of 
limestone extending southward from the Mason 




Valley mine and is a few hundred feet east of 
the quartz monzonite. The hill west of the 
mine, covering the area lying between the 
mine and the quartz monzonite, has been con- 
verted sohdly into garnet. In this massive 
gametite was found the Halobu^hke fossil 
whose presence indicates a Triassic age for the 
rocks. 

The rocks in the immediate vicinity of the 
mine are limestone, Triassic andesite, and Ter- 
tiary basalt. (See fig. 8.) Intense faulting 
of premineral as well as poatmineral origin 
has complicated the mutual relations of these 



rocks. The andesites are separated from the 
garnet mass, in which the ore body is inclosed, 
by a fault trending east and dipping 65° S. 
liiey are fine-grained black rocks of obscurely 
porphyritic character and have been consid- 
erably recrystaUized as a result of thermal 
metamorphism. Under the microscope they 
are found to consist lai^ly of plagioclase and 
hornblende. As seen in the mine workings 
they show in addition the effects of intense 
crushing and shearing, and in consequence of 
the fissile structure they have assumed they 
are locally known as shales. 

A portion of the basalt capping that overlies 
the mesa east of the McConnell mine has been 
faulted against the limestone in proximity to 
the ore body. The faults are well exposed in 
the upper and lower tunnels. The fault seen 
in the upper tunnel is a sharply defined plane 
trending N. 15° W. and dipping 54° W. 
The basalt (the footwall country rock) is con- 
siderably shattered near the contact, and the 
overlying limestone isbrecciated for more than 
20feet from thecontact. The fault shows on the 
200-foot level also, but here it has passed 
through the basalt, and the andesites adjoin 
the limestone. These relations are shown in 
figure 4 (p. 29). The fault is a reverse fault, 
whose dip shp is at least 150 feet. The 
appearance of the andesites on the 200-foot 
level means either that the dip slip greatly 
exceeds 150 feet, or that the movement along 
the fault plane had a large horizontal com- 
ponent. On the surface the shifting of the 
contact of andesite and hniestone by this fault 
amounts to 500 or 600 feet. The side of a 
separate mass of basalt is partly exposed in 
the south wall of the glory hole. It is better 
shown on tEe level of the lower tunnel, where 
it is found to be a hrecciated mass at least 180 
feet long and 30 feet thick- It is bounded on 
the north by a steep fault and on the south by 
a fault dipping 70° S. Later than this fatilt- 
ing is a vertical fault trending N. 60° E., whose 
shckensided surfaces are conspicuous features 
of the McConnell glory hole. The displace- 
ment along this fault is small, however. 

The ore body is elliptical in plan. At the 
outcrop the major axis measured 400 feet and 
the minor axis 80 feet; on the level of the 
upper tunnel, which attains an average depth 
of about 40 feet below the outcrop, the dimen- 
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sions were respectively 250 feet and 50 feet. 
Relatively little ore has so far been found on 
the lower levels. 

The primaiy ore consists of chalcopyrite 
and pyrite in a gangue composed mainly of 
amber and pale-brown garnet. A light-green 
amphibole, pyroxene, and calcite occur as sub- 
ordinate components. Hie croppings were 
highly oxidized, and the copper was present 
chiefly in the form of chrysocolla and malachite. 
Partly altered nuclei of chalcopyrite are pres- 
ent, however, in otherwise strongly oxidized 
ore. As a rule the oxidized ore is thoroughly 
permeated with gypsum, and this feature is 
especially marked in the vicinity of residual 
chalcopyrite, where there are not uncommonly 
plates of gypsum, as much as an inch in diame- 
ter and one-quarter of an inch thick, which 
have grown in the body of the ore. The area 
of garnet rock is considerably larger than the 
outcrop of the ore body, which is situated be- 
tween the limestone and the barren part of 
the garnet mass. 

The origin of the McConnell ore body appears 
to be connected with the fault that separates 
the andesites from the limestone belt. In 
places the limestone shows that the garnet and 
amphibole developed along fractures; and it is 
probable that the metalliferous solutions 
ascended along the fault and replaced the 
brecciated limestone adjoining it. Generally 
the replacement has been so complete that 
little evidence of its mode of operation remains. 

The Bed mine, which belongs to the McCon- 
nell Mines Co., is a few hundred yards southeast 
of the McConneU mine. Here was worked a body 
of oxidized ore, which was inclosed in limestone 
at the quartz monzonite contact. Intense 
crushing produced by postmineral dynamic 
disturbance has affected the deposit. The end 
of the lower tunnel follows a well-defined fault 
striking north and dipping 70^ E. This is the 
fault that separates the quartz monzonite from 
the hmestone, but a dike of andesite charac- 
terized by lustrous honiblende prisms has 
been intruded for some distance along the fault. 
Under the microscope the andesite shows 
phenocrysts of hornblende in a fluidal ground- 
mass of slender plagioclase prisms; and these 
features leave Uttle doubt as to the identity of 
this rock with the hornblende andesite that is 
common as a surface flow rock in the northern 
part of the district. Subsequent movement 



along the fault surface has. profoundly sheared 
the dike, and much of the shiny gouge, char- 
acteristic of the mine, is sheared dike rock that 
has been stained deep red by the infiltration 
of iron oxide. 

WSSTSRH iniVADA KIRS. 

The Western Nevada mine is at the head of 
a narrow canyon in the east flank of the Singatse 
Range, near the south end of the mineral belt. 
The mine has never shipped any ore, although 
a considerable quantity has been extracted and 
thrown on the dump. In March, 1915, the 
property was merged with that of the Nevada- 
Douglas Copper Co., forming the Nevada- 
Douglas Consohdated Copper Co., and active 
development and exploitation were contem- 
plated. 

£a addition to a number of short adits near 
the outcrops, the mine is opened by two 
principal adits, of which the lower, or main 
adit, 140 feet below the upper, attains a ver- 
tical depth of 235 feet below the top of the hill 
in which the ore bodies lie. This adit is 1,000 
feet long and strikes N. 50^ W. ; from it an ex- 
tensive system of drifts extends northward, ex- 
ploring an area of pyroxenic and gan^etif erous 
rocks in which the principal ore shopt is in- 
closed. From this level a winze, 300 feet deep, 
was simk, and the ore shoot was crosscut on 
the "300-foot'' and "400-foot" levek. 

The ore bodies and their associated silicate 
rocks occur in a thick belt of limestone, faulted 
on the west against quartz monzonite. A 
block of the Triassic andesites has been faulted 
against the limestone at the mine. The main 
iLdit, commencing in these andesites, cuts 
through 300 feet of them, then through lime- 
silicate rocks, and again through andesites, 
finally penetrating the quartz monzonite. The 
last few hundred feet of the adit is in very 
thoroughly crushed andesite Go^^^y called 
" shale ' ') . The cause of this crushed condition 
becomes plain .from a consideration of the sur- 
face geology, from which it appears that the 
course of the adit trends at a narrow angle with 
the fault contact of the limestone and the andes- 
ites. The adit is now caved at 830 feet from 
the portal. Ransome, who examined the mine 
when the face of the adit was accessible, states 
that the quartz monzonite contact is due to 
faulting, the fault plane dipping 54° E. Ac- 
cording to the same authority the hanging wall 
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is much broken, but no mineralization has 
taken place along the fault. About 100 feet 
east of the fault there is a fissure trending nearly 
north which is partly filled by a quartz vein 
carrying pyrite but no constituents of value. 
This vein dips 35** E. It is probably younger 
than the cupriferous ore bodies in the hmestone, 
but its age was not certainly determined. 

Numerous scattered bodies of ore, generally 
from 10 to 20 feet long and trending parallel 
to the stratification of the inclosing limestone, 
are shown in the surface cuts and winzes at the 
summit of the hill. These ore masses are most 
abundant near the saddle overlain by the hori- 
zontal sheet of Tertiary basalt. The copper 
ore is associated with radial lamellar pyroxene, 
with garnet, or with both minerals; it is as a 
rule highly oxidized, consisting of gossany 
material netted with veinlets of chiysocolla 
and more or less gypsiferous. One outcrop 
shows garnet and other siUcates extending con- 
tinuously for a length of 100 feet and expanding 
at one place to a width of 20 feet. 

The ore shoot explored on the level of the 
main adit is about 200 feet long and trends 
N. 16° E. It ranges from 2 to 6 feet in width 
and averages from 2 to 3 per cent of copper. 
Some enrichment by supergene sulphides has 
taken place, and chalcanthite is even now in 
process of formation by the feeble percolation 
of descending solutions. Toward the north this 
shoot is cut off by a fault along which an unu- 
sually fitne example of a limestone attrition 
conglomerate has been produced. 

The ore consists of chalcopyrite and pyrite 
embedded in an intergrowth of pyroxene and 
garnet with interstitial calcite. The pyroxene 
is dark grayish green, occurs in radial lamellar 
groups or in dense fine-grained aggregates, and 
is probably the predominant gangue mineral. 
The garnet, which is of the andradite variety, 
ranges from brown to amber and commonly 
shows crystal faces of dodecahedral and 
trapezohedral habit. Locally these minerals 
have altered to chlorite, amphibole, and serpen- 
tine, but this action has not been extensive or 
of economic significance. 

OBJEEirWOOD PS08PECT. 

The Greenwood prospect is 1 mile northeast 
of Ludwig, at an altitude of 6,000 feet. The 
principal developments consist of an inclined 
shaft, which is cut by a timnel 150 feet below. 



The general country rock is gametite, which is 
traversed by a thick dike of quartz monzonite 
porphyry. The dike makes a rather abrupt 
bend in its course through the property, as 
shown in Plate I; and near this bend bunches 
of chrysocoUa and copper pitch ore with 
subordinate malachite are found on both 
sides of the dike. The primary sulphide is 
chalcopyrite, but this has mostly been oxidized 
to the minerals mentioned; the gangue is 
mainly andradite garnet, with minor quartz 
and epidote. 



LUBWIO KIRS. 



GENERAL FEATURES. 



The Ludwig mine, around which the small 
settlement of Ludwig has grown, is on the west 
slope of the Singatse Range at the edge of 
Smiths Valley. The mine was opened in 
1865 on oxidized copper ore lying in the foot- 
wall of the primary deposit, and a shallow 
tunnel was driven for 500 feet on the strike. 
Considerable bluestone was produced for the 
reduction works on the Comstock lode. In 
1907 the mine was acquired by the Nevada^- 
Douglas Copper Co., which commenced ener- 
getic operations in both the primary and the 
derived ores. The production from December, 
1911, to August 1, 1914, was 125,689 tons of 
ore averaging 6 per cent of copper. 

During the later part of 1914 experimenta- 
tion was actively in progress to devise methods 
to treat the ores of the Nevada-Douglas Cop- 
per Co.'s mines — ^the Ludwig, Douglas Hill, 
and Casting Copper — ^by a leaching process. 
The plan under trial was designed to utilize the 
heavy pyritic ore of the primary ore body of 
the Ludwig mine to furnish the sulphuric acid 
required to leach the oxidized ores of this and 
the other mines. As a result of this experi- 
mentation a mill haviag a daily capacity of 250 
tons was built at Ludwig during 1915. 

The mine is worked principally through an 
inclined shaft situated near the north end of 
the lode. This attains a vertical depth of 678 
feet. Eight levels extend from it along the 
strike of the lode, and the lowest level is known 
as the ''800." An old vertical shaft 400 feet 
deep serves as an auxiliary entrance and in 
1914 was used in exploiting the secondary ores 
occmring in the limestone footwall of the 
primary deposit. 

The Ludwig deposit is essentially a replace- 
ment lode developed along the faulted contact 
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of a mas^ve limestone and an overlying senes 
of gametites and felsites. The fissuriug along 
-which the ore-forming solutions rose coincided 
approximately with the bedding piano between 
the footwaU limestone and the dense gametite 
that forms the hanging wall of the deposit. 
The salient features of the lode are well shown 
at the vertical shaft — the dense gametite hang- 
ing waO, the bold qu&rtzoso iron-stained crop- 
piogs, the footwsU of white limestone in which 
occur more or less discrete pyritic lenses, and 
the irregular bodies of copper pitch ore in this 
footwall limestone. 



accessory minerals practically proves that the 
quartzose gossan is the oxidized equivalent 
of the silicified and pyritized porphyry. It is 
beUeved that the porphyry, which by its 
alteration gave rise to the quartzose gossan, is 
niainly fault material dragged into the zone of 
Assuring. 

The quartz outcrop formerly contained much 
cubical pyrite, as b shown by the many casts 
of this mineral and the prevalence of iron 
oxides. 

The footwall of the lode is a coarse crystal- 
line white limestone, which is approximately 




r THE OBOLOOT. 

The prominent iron-stained quarts outcrop 
of the lode extends 600 feet south of the 
-vertical shaft, ranging in width from 20 to 60 
feet. The quartz mass is fine grained, wholly 
unlike the quartz of veins that hll fissures, and 
its general appearance strongly suggests the 
silicified porphyry that is found on the lower 
levels of the mine. Under the microscope the 
siliceous material of the outcrop is found to 
consist mainly of quartz, together with a Uttle 
chalcedony and opal and the accessory minerals 
garnet, apatite, and zircon. As will be seen 
Aom the description of the altered porphyries 
found underground the presence of these three i 



170 feet thick. It is underlain by a gypsum 
bed, from which, as seen undergrounti, it is 
separated by a fault breccia containing a 
considerable proportion of quartzite fragments. 
This breccia is locally known as the "con- 
glomerate," probably because of the partly 
rounded condition of the limestone fragments 
it contains. So severe has the dynamic dis- 
turbance been that blocks of limestone have 
been spht in two, and gouge filled with small 
angular fragments of quartzite has been 
squeezed into the fissure. The footwall fime- 
stone, although on casual inspection apparently 
a single massive bed, contains some thin strata 
of dark-gray hmcstone, and these serve as 
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registers of the remarkable internal disturb- 
ance to which the main stratum has been sub- 
jected. Reverse faults, with displacements 
ranging between 5 and 6 feet, are shown, and 
sharply angular fragments of the dark-gray 
limestone are embedded in the white limestone 
at considerable distances from their place of 
derivation. 

The hanging wall of the lode, as seen at the 
surface and on the upper levels, consists of 
fine-grained lime-siUcate rocks resulting from 
the metamorphism of a series of thin-bedded 
limestones. Their mineral makeup is not 
readily recognizable by the unaided eye, but 
under the microscope they are found to be 
composed principally of garnet. A specimen 
from the 100 level is a dense aphanitic gar- 
netite composed almost wholly of a garnet 
intermediate between grossularite and andra- 
dite. In the 700 and 800 levels the hanging- 
wall rock as seen near the shaft is a banded 
felsite, more or less altered by pyritization 
and the development of garnet, epidote, and 
pyroxene. 

The fault along which the lode occurs trends 
parallel to the formation and dips on the aver- 
age 70° E. The average dip is apparently a 
little steeper than that of the stratification, 
which ranges from 60° to 65° E., and this sup- 
position is strengthened by the fact that the 
Uthologic character of the hanging wall changes 
in depth. The fault is well shown underground 
along barren stretches of the lode, along which 
the limestone lies directly against the gar- 
netite hanging wall. It is excellently exposed 
on the iOO level, north of the vertical shaft, 
where it can be seen that the movement on 
the fault surface was mainly horizontal. The 
limestone in proximity to the fault at many 
places in the mine is tremendously shattered 
and brecciated, forming breccias as much as 
80 to 100 feet thick. 

Some postmineral faulting has affected the 
lode. At the vertical shaft a fault cutting 
the lode at right angles and dipping 70°-80° 
N. has displaced the lode about 50 feet hori- 
zontally southeast. 

Porphyry dikes are common at the mine. 
One of these, which is over 100 feet thick, 
forms the hanging wall of the fissure north of 
the shaft; its course is shown on the geologic 
map (PI. I), which shows also the interesting 
faulting to which it has been subjected. This 



porphyry contains phenocrysts of pearl-gray 
orthoclase, of plagioclase, and of hornblende. 
In the mine workings are found dikes of this 
character, and also porphyries especially char- 
acterized by the prevalence of rounded pheno- 
crysts of quartz. The dikes of both kinds are 
much shattered. A short distance south of 
the south end of the quartz outcrop of the lode 
a large fragment of shattered porphyry, evi- 
dently fault drag, is inclosed in the fault zone 
along which the lode originated. 



THE ORBS. 



The iron-stained cellular siliceous matter 
of the outcrop extends down to the 500 and 
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Fioimc 10.— GMlogio seotlon across the Ladwig lode S20 feet soatb- 
west of the vertical shaft, a, Limestone; 6, quartxose gossan; c, 
garaetlte; J, porphyry; r, heavy sulphide ore;/, pyritised and silidfied 
quarts porphyry; g, limestone fault breoda. 

600 levels with little change of character. 
Along dip and strike, however, the dimensions 
of the gossan are markedly irregular, as shown 
in two cross sections of the lode, 320 feet apart 
(figs. 9 and 10). 

The oxidized ores occur principaDy in the 
f ootwaU limestone in extremely irregular bodies 
ranging from circular pipes to fairly persistent 
tabular masses. The ore consists largely of a 
reddish-brown aphanitic substance, copper 
pitch ore. It averages about 15 per cent of 
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copper. Chrysocolla and cuprite occur in 
minor amounts and are the only definite cop- 
per minerals recognizable in the ore now seen. 
Formerly carbonates were abundant. The ore 
shows a rather well-defined layering parallel 
to the inclosing walls, and much of it plainly 
fills solution cavities in the limestone. The 
main occurrence of ore of this kind is in the 
footwall limestone in the vicinity of the ver- 
tical shaft — that is, near the postmineral cross 
fault already mentioned. 

The copper of this secondary ore was evi- 
dently derived mainly from the siliceous gossan 
during its oxidation. The solutions that orig- 
inated during this process tended to migrate 
into the footwall of the lode, and this tendency 
was augmented by the cross faulting and the 
shattering that accompanied this faulting. 
Once in this calcitic environment the copper 
was eventually precipitated as carbonates and 
chrysocoDa. 

Chalcocitized ore first appeared on the 500 
level, the depth at which the water level was 
reached. St opes on ore of this kind were 
worked on the 600 level, but below this the 
ore is mainly of primary origin. The secon- 
dary sulphide has formed chiefly at the expense 
of the chalcopyrite in the primary ore. Gyp- 
sum is common in the enriched ore. A no- 
table example of this is the ^'selenite s tope'' 
on the 600 level, where the gypsum is crys- 
tallized in fine long prisms, which attain excep- 
tionally a length of 8 inches. 

Although primary ore predominates below 
the 600 level, some bodies of rich oxidized ore 
have been found even in the bottom level, 
consisting of coarsely crystalline cuprite partly 
nodxed with native copper. They appear to 
have been localized along exceptionally favor- 
able channels for downward-moving waters. 

The primary ore, as seen on the 700 and 800 
levels, consists largely of pyrite in a gangue of 
quartz, caloite, and andradite garnet. Chal- 
copyrite is a subordinate constituent, but in 
general no coj>per-bearing noineral is recog- 
nizable by the unaided eye. The ore is re- 
ported to average 2 per cent copper, and a 
body of this grade ranging from 50 to 100 
feet wide is exposed on the 800 level. In 
this body the gametiferous quartz-pyrite ore, 
carrying coarse calcite as a minor constituent, 
grades toward the footwall into a, heavy pyrite 
ore with calcitic matrix. The pyrite has 



obviously replaced the cement of the limestone 
breccia that resulted from the faulting which 
took place along the contact of the limestone 
and the overlying rooks. The character of 
the primary ore differs somewhat from place 
to place. On the 700 level the ore consists 
of pyrite in large cubes, some as much as an 
inch in diameter, inclosed in coarse white 
quartz with which is mingled some sparry 
calcite. In addition to these varieties of ore 
there occur large pyritic masses derived from 
the mineralization of quartz porphyry dikes. 
These dikes are netted with quartz veinlets 
and have been so intensely silicified that only 
the quartz phenocrysts have remained intact. 
In places they have also been metamorphosed 
by the development of garnet and epidote, an 
alteration that has spread out from veinlets 
of quartz, calcite, garnet, pyroxene, and pyrite. 
These features are well shown in the long 
hanging-wall crosscut on the 700 level, and 
on the 600 and 500 levels. The most nearly 
unaltered porphyry was found on the 500 
level near plug 518, and this proves to be 
quartz monzonite porphyry containing spo- 
radic large orthoclase crystals, smaller and 
more abundant plagioclase crystals, and num- 
erous corroded quartz crystals, which are the 
most conspicuous phenocrysts. The condi- 
tions shown in the drifts near plug 611 probably 
give a clearer idea of the relation of the por- 
phyry dikes to the mineralization than can be 
obtained anywhere else in the mine. A 
number of narrow dikes cut the limestone here; 
the margins of the dikes have been severely 
brecciated, and the breccia is cemented by 
gametiferous calcite-pyrite veinlets. The por- 
phyry fragments have been altered beyond 
easy recognition, and it is manifest that where 
brecciation has been more extensive and the 
mineralization more profound, as on the 700 
level, it would be impossible to discriminate 
between mineralized limestone and mineralized 
porphyry. The recognition of sihcified, py- 
ritized porphyry derived from porphyry that 
contained no quartz phenocrysts, like that of 
the thick dike occurring in the hanging wall 
of the lode, would be especially difficult. 
Silicified and pyritized porphyry of the kind 
so well shown on the 500, 600, and 700 levels 
is probably the material from which the sili- 
ceous outcrop of the Ludwig lode was mainly 
derived, as well as the great bodies of leached 
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siliceous gossany material that extend down 
to the 600 level. The pyritic bodies derived 
from the metamorphism of the porphyry dikes 
are too low in copper to be ore. 

In places the hanging wall of the lode is cut 
by quartz-gamet-sulphide veinlets. At the 
outcrop veinlets composed of quartz prisms 
and garnet dodecahedrons and carrying a little 
chiysocoUa traverse the brecciated gametite 
adjoining the quartz outcrop. Undeigroimd 
the penetration of the hanging-wall rocks by 
veinlets composed of quartz, calcite, garnet, 
and pyrite is well shown in a number of cross- 
cuts. Near the shaft on the 700 and 800 
levels the felsite hanging wall is cut by coarse 
veinlets of quartz, epidote, garnet, and pyrite. 
Microscopic examination shows that the felsite 
has been partly replaced by garnet, pyrite, 
calcit^, epidote, and pyroxene. 



OTPSUM DEPOSIT. 



The large deposit of gypsum occurring on 
the property of the Nevada-Douglas Copper 
Co. has been extensively quarried just north 
of the Ludwig shaft. The gypsum, as first 
proved by A. F. Rogers,* has resulted from the 
hydration of anhydrite. This is excellently 
shown on the 400 level of the Ludwig mine, 
where a crosscut has been run into the deposit 
for a distance of 100 feet. The gypsum bed, 
as previously described, is separated from the 
thick limestone belt forming the footwall of 
the Ludwig lode by a fault breccia containing 
innumerable quartzite fragments; underlying 
this breccia is 10 feet of fine-grained gypsum 
which grades rather abruptly into hard, mas- 
sive, coarsely granular anhydrite. The geo- 
logic relations are shown in figure 9 (p. 59). 

The quarry was operated from November, 
1911, to the middle of September, 1912, and 
during that time about 75 tons a day was 
shipped to the Western Gypsum Co. at Reno, 
Nev. Since then it has lain idle. The gyp- 
sum is reported to have averaged 96 per cent 
pure. 

DOUGLAS HILL KIHZ. 

The Douglas Hill mine, owned by the Ne- 
vada-Douglas Consolidated Copper Co., is on 
the summit of the ridge known as Douglas Hill, 
east of Ludwig. The workings consist princi- 
pally of thirteen large pits from which the ore 
was taken out through tunnels, the lowest. of 

1 Eoon. Geology, vol. 1, pp. 185-189, 1913. 



which — the main haulageway of the mine — at- 
tains a depth of 120 feet below the crest of the 
hilL The production since December, 191 1, has 
been 68,905 tons of ore carrying 5 per cent cop- 
per. In 1 9 1 4, however, the mine was idle. At 
the time it was shut down, pending the construc- 
tion of the leaching plant at Ludwig, the mine 
was furnishing 50 tons of 5 per cent ore — 5 
per cent being the minimum percentage at 
which it was profitable to ship ore to the 
smelter. 

The ore forms irregular lenses in an immense 
mass of andradite garnet, which caps the 
summit of Douglas Hill. This great body of 
garnet resulted from the replacement of the 
massive limestone lying above a stratified 
series of fine-grained gametites. The foot- 
wall of the ore zone is a belt of brecda, prob- 
ably 20 feet thick. This breccia is composed of 
fragments of a dense aphanitic gametite whidi 
are cemented by coarse euhedral yellow garnet. 
The garnet of the fine-grained rock, as shown 
by its refractive index (1.75), is a nearly pure 
grossularite; the garnet of the cement, as 
shown by its index (1.87), is a nearly pure 
andradite. The breccia structure — ^that is, 
the indosure of sharp angular fragments of 
gametite in coarsely euhedral garnet — ^is as a 
rule excellently shown; in places, however, the 
cement, the secondary garnet, appears to form 
an unusually large proportion of the rock mass, 
but this is undoubtedly due to the replacement 
of limestone that was originally present in the 
breccia. Chalcopyrite occurs sporadically in 
the cement. 

The andradite of the ore-bearing zone is 
characteristically coarsely faceted and has a 
notably fatty or adamantine luster; and in. 
these respects it contrasts strongly with the 
fine-grained gametites, which obviously origi- 
nated at an earUer epoch of metamorphism. 
Although the ore-bearing zone consists largely of 
andradite with locally some epidote and pyrox- 
ene, yet the surface exposures as well as the mine 
workings disclose sporadic residual masses of 
pure limestone, though even some of these are 
penetrated by stringers of garnet. In fiigure 
1 1 the areal geology of the Douglas Hill mine 
is shown, and this map brings out clearly the 
erratic distribution of the ore lenses in the 
andradite rock, as indicated by the many pits. 

The ore is predominantly oxidized; chryso- 
coUa and copper pitch are the principal min- 
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erals. Brochautite in small emerald-green 
glassy prisms and malachite occur subordi- 
nately. Chalcopyrite is the main primary 
sulphide, pyrite occurring in traces only. 

In places considerable postmineral move- 
ment has crushed and brecciated the garnet of 
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the ore-bearing zone. Locally some downward 
sulphide enrichment has taken place, con- 
trcJled possibly by the postmineral crushing 
just referred to; the ore known at the mine as 
"spotore" was an example of an unusually high- 
grade chalcocitized ore, carrying as much as 15 
per cent of copper. The deeper workings, 
however, show little evidence of enrichment. 

CASTiNa ooppxK nan. 

The Casting Copper mine, which is owned by 
the Nevada^Dou^as Consolidated Copper Co., 
is jiist south of the town of Ludwig. It is 
developed principally by a shaft 350 feet deep. 
Fhe production up to August 1, 1914, was 
29,241 tons, averting 5 per cent of copper. 
All ore has come from above the 200-foot level, 
and the greater part of it has come from the 
large glory hole, which is the prominent 
feature of the surface workings of the mine. 

The ore-bearing zone lies along a fault that 
has caused a series of stratified black gamet- 
ites to abut gainst massive limestone, as 
shown in figure 12. The gametites are dense, 
fine-grained rocks which are distinctly bedded 
in T^atively thin strata; the limestone is 
coarsely crystalline and obscurely bedded. 
The rocks here referred to for convenience as 
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gametites probably include clinozoisite-vesuvi- 
anite rocks and allied varieties, as shown in the 
detailed section of the rocks at Ludwig, but 
except for one specimen, which proved to con- 
sist wholly of garnet crowded with carbona- 
ceous matter, they were not examined micro- 
Bcopically. 

The limestone is the productive rock; it has 
been replaced by coarsely crystalline garnet 
for a length exceeding 400 feet along the strike 
of the fault and for a width in places of 150 
feet. The garnet rock of the ore-bearing zone 
is of highly distinctive appearance, consisting 
of notalfly lustrous resin-yellow andradite gar- 
nets, as a rule distinctly crystallized according 
to the common dodecahedral habic and sur- 
rounded by paler andradite, which is generally 
less distinctly faceted than the resinous garnet. 
A httle calcito, 1 or 2 per cent, occurs inter- 
stitially between the garnet crystals. Along 
the fault contact the black ganfotites have 
been slightly shattered, and the angular frag- 
ments are outlined by the thin reinlets of well- 
crystallized yellow garnets that surround them : 
the evidence of two distinct periods of gameti- 
zation is well shown in this mine. The contact 
between the ore-bearing garnet masses and the 
massive limestone is highly irregular, and veins 
and bunches of solid garnet are most erratically 
distributed through the limestone adjoining 
the main garnet masses. 

The main ore body consists of a large lens 
which is reported to have been 120 feet long 
and 40 feet wide on the upper levels and to 




have averaged 6 per cent of copper. At the 
time of visit the stopes on this lens had been 
carried down within 35 feet of the 200-foot 
level. The ore body is narrow hero, averaging 
a few feet in width. The ore consists of partly 
enriched chalcopyrite inclosed in a gangue of 
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altered garnet and pyroxene and permeated 
with a considerable amount of gypsum. The 
ore body is wholly inclosed in massive lime- 
stone, and blocks of limestone occur in it. The 
lateral drifts show, as is observable on the 200- 
foot level, that irregular veins and bimches of 
euhedral garnet occur in the limestone adjoin- 
ing the ore body. Although the ore body is 
thus in a limestone environment and is more 
or less oxidized, copper carbonates are never- 
theless scarce, and chrysocoUa is the pre- 
dominant recognizable oxidized copper com- 
poimd, forming veinlets on the ef^e of the 
oxidized ore against the limestone. 

Sporadic masses, of .dre lying in proximity 
to the main x>re!l6QiS.have been found on the 
200-foot level. It is a noteworthy fenture of 
the ore bodies in this mine, as it is of those at 
the Mason Valley mine, that, although the 
workings disclose immense bodies of practicaUy 
sohd garnet, the gangue of .the ore-bearing 
parts of these great garnet masses is charac" 
terized by the presence of a considerable pro- 
portion of lamellar pyroxene. 

All ore shows some sulphide enrichment, 
generally as a soft, sooty hlack mineral. Where 
recognizable, the secondary sulphide is com- 
monly seen to be. coveUite, which tends to 
occiir as plates lying parallel to the pyramidal 
cleavage of the chalcopjrrite. The enriched 
ore contains prevaiUngly a notable amount of 
gypsum. Secondary sulphides in gypsiferous 
gangue extend as deep as the 200-foot level. 
Although seconda^ sulphides have formed 
throughout the ore bodies much of the sooty 
black mineral associated with the chalcopyrite 
proves to be black copper oxide. 

A well-defined fault surface trending N. 60** 
E. and dipping 70° NW. determines the north- 
west face of the glory-hole pit; it is excellently 
shown on the 100-foot level. It limits the ore 
on the northwest and is a postmineral fault 
apparently coinciding closely with the pre- 
mineral fault that cuts off the black gametites 
against the massive limestone. 

The recognition of the fact that the ore- 
forming solutions arose along a fault contact 
suggests that the ore-bearing zone can be ex- 
plored most thoroughly by means of numerous 
crosscuts or drill holes extending at right 
angles to levels driven along the faulted edge 
of the black gametites. 



MZNXS AKD PBOSPSCTS ON DEPOSITS IK 

IQlTSOnS BOCKS. 

MOHTAHA-TBBIVOTOir MXHB. 

The Montana- Yerington mine is 2^ miles 
west of Yerington station. Before 1912 not 
much development work had been done, but 
since then an incline 300 feet long, sloping 45° 
S., has been sunk, and drifts extended from it 
at different levels. In-1914 the main work was 
being done on the 300-foot level. The mine is 
reported to have produced 2,500 tons of ore, 
averaging 6 per cent of copper and carrying a 
Kttle silver and gold. 

The country rock is granodiorite cut by dikes 
of quartz monzonite porphyry. The con- 
glomerate at the base of the Tertiary section 
and the overlying glass flow, succeeded by 
quartz latites and rhyoUtes, occur near the 
mine. They have been faulted against the 
granodiorite, and the faulting has greatly 
shattered the belt of rocks in which the mine is 
situated. The vein, as seen on the 300-foot 
level, has a fairly well-defined footwall, striking 
N. 80° E. and dipping 55° S. The country 
rock has been crushed and roughly foliated, and 
along this zone the ore occurs in short stringers 
or small lenses of sohd sulphide. Chalcopyrite 
predominates; pyrite occurs principally as 
isolated euhedral crystals; and the foliated rock 
inclosing the sulphides carries much finely 
disseminated flakes of specular hematite. The 
chalcopyrite has been slightly enriched by the 
development of sooty bluish and blackish 
sulphides. West of the incline the vein is cut 
off by a fault striking N. 20° E. and dipping 
60° E. Some attempt to recover the vein has 
been made without success by drifting south- 
ward; if, however, the dislocation is a normal 
fault — that is, if the hanging wall has sUpped 
down relatively to the footwall — the faulted 
segment of the vein will be found most expedi- 
tiously by cutting through the fault and drift- 
ing northward. 



The Empire-Nevada mine is half a mile west 
of Yerington station, on the Nevada Copper 
Belt Railroad. In 1914 the property was being 
worked by three separate parties of lessees of 
two men each. Considerable shallow surface 
work has been done in past years, and it is 
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probable that several thousand tons of oxidized 
ore has been extracted. Five Keystone drill 
holes were put down in the spring of 1914, the 
deepest 700 feet deep, but the results have not 
been disclosed. 

Some small bodies of quartz monzonite 
porphyry project through the alluvium in the 
vicinity of the mine. The porphyry, owing to 
the prevalence of phenocrysts of plagioclase 
(Ab^c^Anjo)! orthoclase, biotite, and sporadic 
quartz, closely resembles a granitic rock, but 
under the microscope it is foimd to have a 
finely granular groundmass of orthoclase and 
quartz. Part of the biotite is derived from 
hornblende and has been largely chloritized. 
The porphyry has been irregularly fractured and 
siliciiied, and the siUcification was apparently 
accompanied in places by the development of 
secondary biotite. Bunches of ore occur in the 
fractured porphyry and consist largely of cuprite, 
which is in places altered to malachite and other 
oxidized compounds. Pyrite or other sulphides 
have not yet been found. 

JHf BEATTT PBOSPECT. 

The Jim Beatty prospect is at the southwest 
comer of the area shown on Plate I. The 
workings consist of two timnels, which enter 
from opposite sides of a small hill and intersect, 
and open cuts extending for several hundred 
feet along the vein between the tunnels. 
Several shipments of ore have been made, 
amounting to a few tons. A lot shipped in 
1914 is said to have carried $65 a ton in gold. 
The ore body, inclosed in quartz monzonite, 
consists of an 8-inch vein containing pyrite, 
chalco pyrite, minor galena, and their oxidation 
products in a gangue of coarse quartz and 
calcite. 

TEBBY Sb McFABLAHD PROSPECT. 

The Terry & McFarland prospect is near 
the southwest comer of the area mapped. 
The principal development work is a tuimel 
380 feet long. This tunnel follows a shear zone 
in quartz monzonite which contains along most 
of its course an iron-stained quartz vein rang- 
ing from a few inches to 1 foot in thickness. 
The vem trends N. 15° W. and dips 70° W. 
Ore on the dump is coated with druses of 
malachite. The average value of the ore is 
said to be $8 a ton in gold. 

. 38330°— 18 5 



BLTTZ JAY MZmS. 

The Blue Jay mine is 3 miles east of the 
town of Yerington, on the west flank of the 
low range of hills that projects above the level 
floor of Mason Valley. The mine is devel- 
oped by a shaft 450 feet deep, from which 
drifts have been cut on the 200 and 400 foot 
levels. In 1914 a tunnel was being driven 
to cut the shaft 100 feet below the collar; 
this level will give a depth of 150 or 175 feet 
imdcr the outcrop. 

The prevailing country rock is a medium- 
grained granodiorite close to, quartz diorite 
in composition. It is composed of oligoclase, 
biotite, augite, hornblende, quartz, and ortho- 
clase and is a somewhat more basic variety 
of granodiorite than that on the west side of 
Mason Valley. The ore deposit occurs in a 
crushed zone in the granodiorite, which at 
the mine is 300 to 400 feet wide. The crushed 
condition of the granodiorite has favored its 
taking on a deeper coat of desert varnish than 
the massive granodiorite, and the zone is in 
consequence clearly visible from Yerington 
as a dark band trending nearly at right angles 
across the range of hills. A dike of grano- 
diorite porphyry, 10 feet wide, strikes across 
the shattered zone; at the south margin of the 
zone it has been displaced 20 feet by the fissure 
that separates the massive from the shattered 
granodiorite. 

The porphyry dike forms the footwaU of 
the ore body. Above it is a roughly cres- 
centib outcrop of quartz grading out into 
replaced granodiorite. A little chalcopyrite 
occurs in tight quartz, but as a rule the sul- 
phides have been leached out. 

Ore from the 200-foot level is a gray rock 
carrying chalcopyrite. Under the microscope 
it is f oimd to be composed largely of orthoclase 
and quartz, with chlorite as a minor constitu- 
ent. Chalcopyrite and chalcocite are present, 
and the chalcocite is clearly of secondary origin. 
All stages of replacement, from solid grains 
of chalcocite representing completely replaced 
grains of chalcopyrite to large particles of 
chalcopyrite peripherally coated with chal- 
cocite, can be observed. Some brochantite 
accompanies the chalcocite. This gray ore 
appears to represent the extreme phase of 
alteration of the granodiorite by the primary 
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mineralization, plus a slight alteration accom- 
panying the enrichment by chalcocite. Less 
metamorphosed granodiorite is darker, owing 
to the prevalence of chlorite; epidote also is 
noteworthy in this phase; and pyrite occmia 
with the chalcopyrite. 

Recently a small rich shoot of "cuprite" 
ore was found near the collar of the shaft. 
About half of the '^cuprite" proves to be chal- 
cocite. The ore consists of stringers and 
masses of chalcocite and cuprite traversing 
a grayish or greenish rock which the micro- 
scope shows to be composed of quartz whose 



structure indicates its origin by replacement, 
imdoubtedly of granodiorite. The chalcocite 
incloses sporadic grains of native copper, with 
which is associated some brochantite. 

The oxidized ore seen by Ransome contained 
chrysocolla, malachite, cuprite, and the rare 
copper phosphate libethenite, previoxisly iden- 
tified from this deposit by Smith. The chal- 
cocite ore was the objective of the operations 
in 1914, and some high-grade ore, consisting 
of chalcopyrite almost whoDy replaced by 
chalcocite, had been found at the time of 
visit. 
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The Ray and Miami districts lie about 18 
miles apart in central Arizona, in the belt of 
moimtain ranges that borders the Arizona 
Plateau along its southwestern edge. The 
presence of copper in both districts has been 
known since about 1880, but it was not until 
1907 that the low-grade disseminated copper 
ores began to be successfully exploited on a 
lai^e scale. Up to the end of 1918 these ores 
have yielded 1,098,409,607 poujids of copper, 
and the three principal mining companies have 
declared dividends amounting to $67,592,552, 
of which $8,548,050 was paid by the Inspira- 
tion ConsoUdated Copper Co. as a result of its 
first full year's operations, in 1916, with copper 
averaging a Uttle over 25 cents a poimd. 

The region is generally mountainous and 
arid, with scanty vegetation, save on the rela- 
tively high Pinal Range, where pines, oaks, 
and other trees requiring a moderate supply of 
moisture flourish. 

The oldest rocks in the region are the Pinal 
schist, which consists mainly of metamor- 
phosed siliceous sediments, and various gran- 
itic intrusive rocks. All these rocks are of 
pre-Cambrian age. Resting on the eroded 
surface of the old crystalline rocks are beds 
aggregating from 1 ,200 to 1 ,300 feet in thick- 
ness, apparently in conformable sequence and, 
although containing no fossils, supposed to be 
Cambrian. More than two-thirds of this thick- 
ness is represented by two quartzite formar- 
tions; the remaining beds include shale, dolo- 
mitic limestone, and conglomerate. Above the 
Cambrian, without any recognizable imcon- 
formity to explain the apparent absence of the 
Ordovician and Silurian, is 325 feet of lime- 
stone, supposed to be Devonian, although the 
fossils upon which this age determination rests 
all come from the lipper part of the formation. 
Conformably above the Devonian limestone is 
the light-gray Carboniferous limestone, at least 
1,000 feet thick. 

After the deposition of the Carboniferous 
limestone the region was uplifted and eroded. 



At about the same time molten diabase was 
injected in great volume into fissures in the 
older rocks, particularly the Cambrian and 
pre-Cambrian, and from these fissures the hot 
Uquid magma was forced as thick sheets or 
sills between the beds themselves, so that great 
masses of strata were driven apart and in places 
were completely enveloped in the igneous rock. 

The intrusion of the diabase was probably 
followed by erosion and possibly by the depo- 
sition of Cretaceous sediments, although no 
remnant of these is present in the region here 
particularly described. Their nearest known 
representatives are in the Deer Creek coal 
fidd, south of Gila River. The deposition of 
the supposedly Cretaceous beds was succeeded 
by andesitic eruptions, of which some of the 
products remain in the southern part of the 
Ray quadrangle. 

The andesitic eruptions were followed by the 
successive intrusion of (1) quartz diorite, in 
small irregular masses and a few fairly large 
dikes; (2) granite, quartz monzonite porphyry, 
and granodiorite in masses, some of which, as 
the Schultze granite, are several miles in diam- 
eter; and (3) quartz diorite porphyry, in 
dikes, sills, and small rotund bodies. The 
intrusion of the rocks of the second group was 
the cause of the original or hypogene metalliza- 
tion that, followed some time later by down- 
ward or supergene enrichment, gave rise to the 
disseminated copper ores of Ray and Miami. 
The time of the intrusion of the rocks in these 
three groups is not known but is thought to 
have been early or middle Tertiary. 

A period of active erosion, during which the 
coarse clastic material of the Whitetail con- 
glomerate was washed by streams into local 
basins, followed the granitic intrusions, and 
this formation in turn was buried under a flow 
of dacite, probably in late Tertiary time. After 
this outburst the region was much faulted, 
vigorous erosion set in, and the generally 
coarse fluviatile deposit known as the Gila con- 
glomerate was deposited, probably in early 
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Quaternary time. This deposit has since been 
defonned by faulting and has been much dis- 
sected by the intermittent streams of the pres- 
ent drainage system. 

The main mountain ranges and valleys of the 
Ray-Miami region are believed to have been 
determined by faulting of the Great Basin 
range type, although the details of the moun- 
tain topography were fashioned by erosion. 
The rocks of these ranges are cut by innumer- 
able faults running in all directions. There is 
scarcely any flexing or folding of the beds. The 
structure is characterized by the dominance of 
deformation by faulting, mostly of the normal 
type. 

The principal copper deposits at Ray and 
Miami are of the enriched disseminated type, 
and their most valuable constituent is chalco- 
cite. Estimates based on drilling and mining 
give the ore originally present in the Miami 
district as 145,000,000 tons and in the Ray 
district as 115,000,000 tons, a total for the 
two districts of 260,000,000 tons. The tenor 
in copper ranges from about 1 .5 to 6 per cent, 
and the average of the ore mined Ues between 
1.5 and 2 per cent. 

The ore, with the exception of one compara- 
tively rich body in which square sets are used, 
is mined by caving systems of stoping. It is 
concentrated by flotation and by flowing water, 
and the concentrates are smelted locally at 
Miami and Hayden. 

The ore bodies are imdulating, flat-lying 
masses of irregular and more or less indefinite 
horizontal outline and of varying thickness. 
The shape and size of each body depend 
largely upon the lower limit set for the per- 
centage of copper in material classifiable as 
ore. Generally, the ore is overlain by leached, 
nearly barren rock known as capping, although 
in places the overburden contains consider- 
able chrysocoUa and malachite. The capping 
ranges from 40 to 1,000 feet in thickness. 
The average thickness at Ray, on the groimd 
of the Ray Consolidated Copper Co., is be- 
tween 200 and 250 feet. The ore grades down- 
ward into pyritic material that generally con- 
tains too little copper to be workable under 
present conditions and in this report is desig- 
nated protore. The ore varies greatly in 
thickness from place to place. The maximum 



is about 500 feet, but the average thickness of 
the Ray Consohdated Copper Co.'s ore body is 
120 feet. 

The ore bodies in a very general way have 
a marginal position with reference to intrusive 
masses of granite, granite porphyry, and quartz 
monzonite porphyry, but the ore occurs both 
in the schist and in the intrusive granitic or 
monzonitic porphyry. By far the greater part 
of the ore is metallized Pinal schist. 

The ore bodies are the result of the operation 
of two general processes — upward or hypogene 
metallisation as a consequence of the intrusion 
of granitic or monzonitic porphyries and down- 
ward or supergene enrichment by percolating 
atmospheric water. The hypogene solutions 
are believed to have been of moderate chemical 
activity and must have carried copper and 
sulphur, with probably molybdenum and sili- 
con. Metallization apparently involved no 
addition of iron to the rocks, the pyrite having 
been formed by the attack of the sulphur- 
bearing solutions on the iron already present 
in the schist and porphyry as oxides and sili- 
cates. Permeability of the rocks, permitting 
the ore-depositing solutions to penetrate them 
readily, was brought about by fissuring — ^very 
largely by a multitude of very small irregular 
fissures. This fissuring was doubtless a conse- 
quence of the intrusion and soUdification of the 
granite porphyry and quartz monzonite por- 
phyry. 

From the relation of the ore bodies to the 
present surface, and from other considerations, 
it is concluded that the greater part of the 
enrichment was effected before the develop- 
ment of the present topography and probably 
before the eruption of the dacite. 

Supergene enrichment has generally been 
treated as a continuously progressive process. 
There is considerable probability, however, 
that it is essentially cyclic, although the cyclic 
character may not be patent in all deposits. 
A full development of the cycle can take place 
only under a certain equilibrium of a number 
of factors, including climate, erosion, topogra- 
phy, and character of rock. The essential 
fact appears to be that as enrichment pro- 
gresses and chalcocite increases the process of 
enrichment becomes slower in action, and 
erosion may, in some circumstances, overtake 



OUTLINE OF THE REPORT. 



13 



it. With the removal of some of the protect- 
ing zone of chalcocite the protore is again 
exposed to oxidation and a second cycle of 
enrichment begins. 

Although much of the enriched ore is .now 
bolow ground-water level, it probably was 
once above that level, and enrichment is be- 
lieved to have taken place mainly in the zone 



of rock above any general water table. If it 
is true that the enrichment was mostly earUer 
than the eruption of the dacite, it must, of 
course, have preceded also the laying down 
of the Gila conglomerate. This conclusion 
admits the possibility of the discovery of ore 
underneath certain areas of the conglomerate, 
particularly between Miami and Globe. 
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THE COPPER DEPOSITS OF RAY AND MIAMI, ARIZONA. 



By Fbedebick Leslie Ransohe. 



Chapter L— Introduction- 



SrrUATION AND BOUTES OF ACCESS. 

The Ray and Miami districts/ as may be 
seen from the accompanying general map of 
Arizona (PL I), lie some 70 miles southeast 
of the center of Arizona, in the prevailingly 
mountainous belt that separates the Plateau 
province on the northeast from a region to the 
southwest whose chief topographic character- 
istic is the predominance of broad and com- 
paratively low desert plains. Ray, the more 
southerly of the two districts, is in Pinal 
Coimty and lies for the most part in the north- 
west comer of the area designated by the United 
States Geological Survey the Ray quadrangle 
(mapped on the 1 : 62,500 scale), although apart 
of the district extends to the west into the 
Florence quadrangle (1:125,000 scale). The 
Miami district, about 18 miles north-northeast of 
Ray, in Gila County, is in the central part of the 
Globe quadrangle ( 1 : 62,500 scale) . Miami, its 
principal settlement, is 4 miles west of Globe, 
which is a tgwn of about 7,000 people and is 
the seat of Gila (])ounty. 

Ray is served by the Hayden division of the 
Arizona Eastern Railroad^ which leaves the 
main MaricoparPhoenix line at Tempe, 8 miles 
east of Phoenix. From Tempe to Ray Junc- 
tion, where Afineral Creek flows into the Gila, 
the distance is 73 miles. Here connection for 
the town of Ray is made with the Ray & Gila 
Valley Railroad, about 7 miles in length, owned 
by the Ray (])onsolidated 0)pper O). 

Miami is reached by the Globe division of the 
Arizona Eastern Railroad, which runs from 

1 In this report the expressions " Ray district" and ** Miami district" 
will he used as convenient names for areas that correspond approxi- 
mately to those covered hy the map of Ray and vicinity (PI. XLV) 
and the map of th^ Miami copper belt (PI. XL). Such usage is not 
intended to imply exact coinddenoe in boundaries between the tracts 
80 designated and the corresponding maps and is independent of those 
frequently Indeftailte areal units established by local regulations and 
known technically as mining districts. What is here called the Ray 
district, for example, happens to be a pert of the Mineral Creek mining 
district. 



Bowie, on the mam line of the Southern Pacific. 
The distance from Bowie to Miami by rail is 
134 miles. 

Although Ray and Miami are only 18 miles 
apart, a railway journey from one town to the 
other necessitates a detour of about 442 miles. 
The railway route, however, will be greatly 
shortened when the Hayden division is ex- 
tended, as is proposed, up the Gila to San Car- 
los, a station on the Globe division. The stage 
road from Ray to Miami is over 50 miles in 
length and has steep grades, and the only 
routes between the two places that are fairly 
direct are those afforded by the rough trails 
across the north ends of the Dripping Spring 
and Pinal ranges. Among the ways of reach- 
ing Miami should be mentioned also the excel- 
lent road from Phoenix and Mesa by way of 
Roosevelt. By automobile the run from 
Phoenix to Miami or Globe requires about 7 
hours, whereas the journey by rail consumes 
nearly 24 hours. 

FIELD WORK AND ACKNOWLEDGMENTS. 

The first detailed geologic work in the Ray- 
Miami region was the mapping and study of the 
Globe quadrangle by F. L. Ransome, assisted 
by J. D. Irving, in 1901 and 1902. The results 
of this work were published in 1903 ' and 1904.' 
Although it was evident during the geologic 
investigation that copper is widely dispersed 
through the schists north of what is now the 
town of Miami, little attention at that time had 
been paid by mining men in this country to 
disseminated copper deposits so low in grade, 
and neither the extent nor the future impor- 
tance of those near Miami was then suspected. 
Consequently the early field work in the Globe 

9 Ransome, F. L., (Geology of the Globe copper district, Ariz.: U. 8. 
Oeol. Survey Prof. Paper 12, 1903. 

t Ransome, F. L., U. S. Qecd. Survey OeoL Atlas, Olobe folio (Na 111), 
1904. 
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quadrangle was contributory to the present 
report only in so far as it was the initial attack 
on the geologic problems of the region. 

Field work was begun on the geology of the 
Ray quadrangle in October, 1910, and with 
the capable assistance of J. B. Umpleby was 
finished in January of the following year. 
This area proved to be stratigraphically much 
more illmninating than the Globe quadrangle, 
and it was soon apparent that some earlier 
interpretations, based on the incomplete geo- 
logic sections exposed in the Globe area, 
needed correction.* 

While geologic work in the Ray quadrangle 
was in progress an accurate topographic map 
of Ray and vicinity on the scale of 1: 12,000, 
covering 186 square miles, was made by W. 
M. Beaman, topographer, and a similar map 
of the Miami copper belt on the same scale, 
covering 273 square miles, was made by 
Albert Pike and R. W. Beity, topographers. 
The geology of these areas was mapped by 
Messrs. Ransome and Umpleby in January 
and February,' 1911. The copper deposito 
themselves were studied at Ray and Miami by 
F. L. Ransome in March and April, 1912, with 
supplementary visits in 1914 and 1916. 

Where so many persons as at Ray and 
Miami have cheerfully and courteously con- 
tributed time and information to the visiting 
geologists, the selection of a few for individual 
mention is difficult. Appreciative acknowl- 
edgment is made to the Ray Consolidated 
Copper Co. and the Arizona Hercules Copper 
Co., at Ray, and to the Miami Copper Co., the 
Inspiration Copper Co., the live Oak Develop- 
ment Co. (the latter two now united as the 
Inspiration Consolidated Copper Co.), and the 
New Keystone Copper Co. (whose property has 
been purchased by the Inspiration Co.), at 
Miami, for special courtesies extended per- 
sonally through Mr. David Cole, then manager, 
and Mr. L. S. Cates, formerly superintendent of 
mines but now general manager of the Ray 
Consolidated Copper Co.; Mr. W. S. Boyd, 
superintendent of the Ray Consolidated mines ; 
Mr. W. P. Dimham, president, and Mr. Frank 
H. Probert, at one time consulting geologist, of 
the Arizona Hercules Copper Co. ; Mr. B. Brit- 
ton Gottsberger, general manager, and Mr. O. 

^ Ransome, F. L., Geology of the Globe district, Ariz.: Min. and Sd. 
Tress, vol. 22, pp. 717-748, 1911. 



N. Lawton, formerly superintendent, of the 
Miami Copper Co.; Mr. F. W. Maclennan, 
assistant manager in charge of mining, of the 
Miami Copper Co. ; Mr. T. R. Drummond, for- 
merly manager of the Inspiration Copper Co.; 
the late Mr. H. McCarthy, former manager of 
the Live Oak Development Co. ; and Mr. E. B. 
Tinker, formerly superintendent for the New 
Keystone Copper Co. 

To the engineering staffs of the mines I am 
particularly indebted for much information and 
many courtesies, notably to Mr. Ralph C. Now- 
land, at that time chief engineer of the Ray 
Consolidated mines; Mr. R. B. Earling, in 
charge of the Ray Central mine at the time of 
visit; Mr. H. P. Bowen, chief engineer of the 
Miami mine; Mr. W. C. Browning, formerly 
chief engineer of the Inspiration mine; and Mr. 
George R. Lehman, in 1912 chief engineer of 
the live Oak mine and now chief engineer for 
all the Inspiration Co.'s mines. To mention by 
name the many others who cooperated to a 
lesser extent but with equal heartiness in the 
work upon which this repiH't is based wqald 
unduly extend a list already long. They may 
be sure that their help was of service an4 is 
remembered with appreciation. 

That the present report makes its appearance 
far too long after the completion of the main 
field work is regretfully admitted. The delay 
is due, it is hoped, less to lack of industry than 
to certain official duties that for five yeara pre- 
vented consecutive application to this particu- 
lar piece of work. The information given 
herein has been brought up to August, 1917, 
and statistical tables, where practicable^ ' re 
been extended in proof to the end of 1918. 

Geologists of the United States Geolopical 
Survey are so accustomed to the expert services 
of the editorial and illustrations staffs of the 
organization that they are perhaps inclined 
to accept these services with as little comment 
as is accorded to the familiar comforts and 
conveniences of modem civilization. There 
are obvious objections to the expressi* n of 
this universal obligation in every pubUcation 
issued, but I desire in at least one official report 
to record my own appreciation of the great 
advantage enjoyed by an author whose manu- 
script undergoes such careful scrutiny and 
whose rough illustrative material receives such 
skillfrl preparation. 
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FLAN OF GEOLOGIC DESCSIFTION. 

As the geology of the Globe quadrangle 
has already been mapped and described m 
detail and that of the Kay quadrangle will 
receive equally full discussion in a forthcoming 
folio, it will be unnecessary in the present 
report to do more than describe briefly the rocky 
materials involved in the structure of the region 
and to trace rapidly the steps by which their 
present position and relations to one another 
have been brought about. Descriptions of 
fact and the discussions based upon them will 
have as their main object the presentation and 
interpretation of the geologic circumstances, 
broadly viewed, under which the disseminated 
copper ores, the particular subject of this re- 
port, were deposited. 

The fact that this report will be read, at 
least in part, by those who are not geologists 
has been kept constantly in mind, and an 
effort has been made to present the subject 
matter in clear and, so far as practicable, 
imtechnical language. It is not possible, how- 
ever, to make all portions equally intelligible or 
interesting to all readers, and certain sections, 
such as those on the petr(^aphy of the igneous 
rocks, may be skipped without serious con- 
sequences by anyone who finds them less 
readable than other parts of the volume. 

For the benefit of the nongeologic reader a 
glossary of some of the more technical terms 
used is appended to the report. 

mSTORT OF MINING. 

ilAT. 

Mining in the Mineral Creek or Bay district 
appears to have begim about 1880, when the 
Mineral Creek Mming Co. bmlt a 6-etamp mill 
and did some work, presumably on the Mineral 
Creek claim, north of Copper Gulch. Probably 
about this time the Kay and many other claims 
in the district were located and prospected. 
In 1883 the Kay Copper Co. was organized in 
New York with a capital of $5,000,000, in 
shares of $10 each, par value. The company 
owned 17 claims and had a* 30-ton copper 
furnace. The ore of the Kay group of claims 
was described as principaUy native copper. 
Little was accomplished by. this company 
during the next 15 years, and it was not imtU 
1898 that a few news items in the mining 
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press indicated that the Kay mine, after a 
long period of idleness, was again in operation ; 
but the work was evidently on a very small 
scale. In October, 1898, an option on the Bay, 
Taylor, and Innes groups of claims was ob- 
tained by Mr. Alexander Hill for the Globe 
Mines Exploration Co. (Ltd.), of London, and 
in June of the following year the ground was 
acquired for £210,000 by the Kay Copper 
Mines (Ltd.), an English corporation capitalized 
at £260,000. At the time of purchase the Ray 
mine was supposed to have in sight 190,000 
tons of ore containing from 4 to 5 per cent of 
copper. A concentrating mill having a daily 
capacity of 75 tons was situated near the mine, 
on Mineral Creek. 

During the first year of its existence the 
new company expended £117,465 in eqidjS- 
ment and development. It foimded the town 
of Kelvin, erected there a 250-ton mill, shops, 
office, and substantial staff buildings, and 
connected the mine and mill by a narrow- 
gage railway 7 miles in length. At the Ray 
mine a shaft was sunk to a depth of 344 feet, 
and the ore was blocked out on three levels 
by a rectangular grid of drifts and crosscuts, 
with the idea of mining ultimately by a caving 
system. The company also sank the Sharkey, 
Humboldt, and Tribimal shafts on what seemed 
the more promising portions of its large terri- 
tory. It established connection by wagon 
road with the nearest rail shipping point, 
Redrock, 43 miles to the south, on the South- 
em Pacific, whence supplies were hauled to 
Kelvin by traction engines. Early in 1900 
the company's capital was increased by 
£200,000, and a smelter was built at Kelvin. 
This was never used and in March, 1906, was 
destroyed by fire. 

The ore was crushed at the mine and halded 
to Kelvin in trainloads of about 65 tons each, 
or about one-thirtieth of the quantity now 
loaded on each train of the standard-gage 
line. 

By December, 1900, the Ray Copper Mines 
(Ltd.) had treated about 16,000 tons of mate- 
rial which, instead of averaging between 4 
and 6 per cent, as was expected, actually con- 
tained less than 2 per cent of copper. These 
results were of course disappointing, and the 
mill, moreover, proved to be defective in plan 
and equipment. Although the annual report 
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for the year ending June 30, 1900, contained 
the hopeful statement that 1,032,595 tons of 
ore averaging 4.5 per cent of copper was in 
sight, the financial difficulties of the company 
soon became obvious, and in 1901 its property 
was mortgaged to the Trustees, Executors & 
Securities Insurance Go. of London for £ 13,565, 
payable on Jime 30, 1902. 

It appears to have been while this transac- 
tion was pending that Mr. James D. Hague 
was called upon to examine the property. In 
his report ^ Mr. Hague, on the basis of careful 
sampling by Mr. Ellsworth Daggett, calls 
attention to the very important fact that 
whereas the average tenor of the ore had been 
supposed to be between 4 and 5 per cent of 
copper, it really lies between 2 and 3 per cent. 
He went on to state that ''imder present con- 
ditions a 4 per cent assay is very near and 
possibly below the limit of pay ore; and an ore 
assaying 3 per cent can hardly be touched 
without loss." Mr. Hague advised suspen- 
sion of operations but remarked with pro- 
phetic insight: ''I am far from the opinion 
that the property is without some considera- 
ble value. . The mine contains a very large 
body of low-grade ore, too poor to pay under 
existing conditions, but with possibilities of 
large value, sooner or later, by improvement 
in methods of treatment, which may make a 
2 per cent ore profitable." This prediction, 
made in 1901, has been amply fulfiUed. 

It has sometimes been alleged that the 
"Rngliah company was unsuccessful because 
its managers faUed to realize that the ore 
deposit is of the disseminated tjrpe and that 
they were endeavoring to find lode deposits, 
like those hitherto worked in the surrounding 
region. This assertion, however, is imf air and 
incorrect. In certain respects the company 
was in advance of its time, and many of the 
circumstances that later paved the way for 
success lay hidden in the future. The plans 
made for handling the ore were in many ways 
similar to those which have since been adopted 
on a much larger scale, and the equipment, 
instead of being extravagant, as many thought 
when it was installed, was naturally enough 
inadequate, for few in 1900 coidd foresee what 
recent years have brought to pass in copper 
mining, and it is doubtful whether it would 

1 For permission to Inspect this report I am Indebted to Mr. Shenrood 
Aldrlch, president of the Ray Conaolidated Copper Co.— F. L. R. 



then have been possible to procure sufficient 
capital to equip the mine for operation on the 
scale now recognized as essential in the exploi- 
tation of low-grade disseminated deposits. 
The company's technical stafiF, in short, appear 
to have recognized very clearly the geologic 
character of the deposit and to have laid their 
plans with boldness and skill. The funda^ 
mental cause of faUure was too great rehance 
upon certain sampling which is now known to 
have been improperly done. Success was 
simply impossible under the circimistances. 

For a few years the property appears to have 
lain idle, but in 1905 railway connection was 
established between Kelvin and Phoenix, and 
in 1906 there was some activity in the district, 
mainly by the Calumet Copper Co., which was 

shipping about 40 tons of high-^rade ore a day 
from its mine east of Mineral Creek. The Ray 
mine was under lease to the Kelvin Reduction 
Co., which had an experimental leaching plant 
in operation. 

In the following year the attention of Mr. 
D. C. Jackling and of others who had been 
prominently connected with the development 
of the Utah Copper Co. was attracted to Ray, 
and on May 11, 1907, the Ray Consolidated 
Copper Co. was organized under the laws of 
Maine to acquire and work the ground formerly 
held by the Ray Copper Mines (Ltd.). Capi- 
talized originally at $6,000,000, the Ray 
ConsoUdated Copper Co. increased its capital 
to $8,000,000 in 1908, to $10,000,000 in 1909, 
ta $12,000,000 in 1910, and to $14,000,000 m 
1911. A $3,000,000 issue of convertible 6 per 
cent bonds, authorized in 1907, was retired by 
conversion into stock. 

Underground exploration and chum drilling 
were started in the siunmer of 1907 under the 
immediate direction of Mr. Seeley W. Mudd as 
consulting engineer, and about the same time 
the Arizona Hercules Copper Mining Co., 
organized September 15, 1906, with an author- 
ized capital of $10,000,000, and the Kelvin- 
Calumet Mining Co. also began operations in 
the Ray district. The Kelvin-Calumet Mining 
Co. was succeeded early in 1909 by the Ray 
Central Copper Mining Co., capitalized at 
$6,000,000. 

On June 1, 1908, Mr. Mudd submitted a 
report to the Ray Consohdated Copper Co., in 
which he stated that the existence of about 
3,000,000 tons of ore was reasonably assured. 
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In November of that year Mr. Henry Krumb 
was engaged to take charge of the sampling, 
measurement, and valuation of the ore bodies, 
and chum drilling was vigorously prosecuted. 
By the end of 1909 the company had expended 
$300,000 in prospecting alone and had ascer- 
tained the existence of about 50,000,000 tons 
of ore. 

The Gila Copper Co. was organized February 
26, 1907, to buy a number of claims which the 
English owners had declined to sell to the Ray 
Consolidated Copper Co. imtil certain stipula- 
tions should have been carried out. In 1910 
over 97 per cent of the outstanding stock of 
the Gila Copper Co. was exchanged for stock 
of the Ray Consolidated Copper Co. at the 
rate of three shares of Gila for one of Ray. 
' In December, 1911, the Ray Consolidated 
Copper Co. entered into negotiations with the 
Ray Central Copper Mining Co., whose property 
had previously been held imder option by the 
General Development Co. but had been 
relinquished in October, 1910. By April, 1912, 
the Ray Consolidated Copper Co. had acquired 
over 97 per cent of the stock of the Ray 
Central Co., and shortly afterward it took 
complete possession of the property and began 
to develop the ground in conformity with its 
own extensive plan. 

Actual production from the Ray Consoh- 
dated Copper Co.'s mines began late in March, 
1911. Up to that time the company had 
spent approximately $10,000,000 in land, pre- 
paratory work, and equipment. This work 
included the drilling of over 350 chum-drill 
holes of an average depth of 418 feet, the sink- 
iog and equipping of two main shafts, the 
driving of about 30 miles of drifts and cross- 
cuts, the installation of adequate waterworks 
at Ray and Hayden, the construction of a 
standard-gage railway between Kelvin and 
Ray, the completion of three 1,000-ton units 
of an 8,000-ton concentrating mill at Hayden, 
the construction of a power plant capable of 
generating 10,000 kilowatts, also at Hayden, 
the building of a transmission liae between 
this plant ajxd the mines, and the erection of 
nimoLerous buildings for various purposes. The 
company's activity has brought into existence, 
near the concentrating, mill, the considerable 
town of Hayden, and near Ray, which itself 
has grown rapidly, there has sprung up on 
ground owned by the company the Mexican 



settlement of Sonora, with a population esti- 
mated at more than 4,000. 

The Ray Consolidated Copper Co. at first 
planned to do its own smelting at Hayden and 
began the necessary construction, but subse- 
quently arrangements were made with the 
American Smelting & Refining Co. to complete 
the smelter at Hayden on ground leased from 
the Ray Co. and to purchase the concentrates. 
Tl^s smelter was put into operation early in 
1912. 



The earlier history of nuning in the Globe 
region has already been summarized.^ 

In 1901, when the first geologic work was 
done by this Survey in the Globe district, the 
only important mining then in progress within 
the area now khown to be underlain by dis- 
seminated chalcocite ore was at the Keystone 
mine, which at that time had yielded about 
$25,000 from chrysocolla ore and which con- 
tinued to be productive for some years there* 
after. The ore in this mine occupied a fissure 
in porphyry and was followed down to the 
underlying Pinal schist, where it ended at the 
contact. In the same year a Uttle work was 
in progress at the Live Oak mine, and subse- 
quently a vein of chrysocolla was stoped on 
this ground also. The Live Oak vmn, like the 
Keystone, was in porphyry and did not extend 
into the schist. It was worked up to about 
1907, "at first by the Live Oak Copper Mining 
& Smelting Co., to which it is reported to have 
yielded more than $600,000, and afterward by 
lessees. 

In 1901 much less was known about dis- 
seminated copper ore than at presen};, and even 
if the existence in the Miami district of large 
quantities of material containing from 2 to 3 
per cent of copper had been widely published 
it is doubtful whether that information would 
have aroused much interest among mining 
men, when, as has been seen, so competent 
an engineer as Mr. Hague regarded 4 per cent 
ore as the lowest grade that could be profitably 
worked. 

A few years later the Inspiration Mining Co. 
began work on the north side of Inspiration 
Ridge, in the ravine that opens into Webster 
Gulch a little over a quarter of a mile southeast 
of Willow Spring Gulch. This company drove 

1 Ransome, F. L., 0«ology of tho Globe copper district, Ariz.: U. S. 
Geoi. Survey Prof. Paper 12, pp. 114-1|8, 1908. 
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the Woodson tiumel. Disseminated chalcocite 
was found here in 1904 at a depth of 130 feet, 
and some crude ose, chiefly chalcocite, was 
mined from a zone of stringers in the schist 
and shipped to the smelters. In 1906 the 
company was shipping about 50 tons a day 
of this ore. In that year it was estimated 
that there was at least 5,000,000 tons of low- 
grade disseminated ore available, and a 50-ton 
mill was built, about a quarter of a mile from 
the tunnel, to concentrate this material. The 
attempt was not successful, but enough had 
been done to attract the attention of Mr. J. 
Parke Chaiming and his associates to the actual 
presence of disseminated chalcocite in the schist 
and to give a clue to what might be expected 
elsewhere under the leached and weathered 
schist of Inspiration Ridge. 

During 1906 and 1906 Mr. F. C. Alsdorf 
procured options on most of the claims now 
included in the Miami group, and in December, 
1906, these options were transferred to the 
General Development Co. and work was begun 
on the Captain shaft, at a point where the 
surface rocks were brilliantly stained by salts 
of copper. No ore was foimd, and a second 
shaft, known as the Bedrock or No. 2 shaft, 
was sunk farther east. This went into ore 
about April 13, 1907, at a depth of 220 feet, 
and on November 30 the Miami Copper Co. 
was organized. From that time on develop- 
ment went actively forward. In October, 1 909, 
the railway extension from Globe to the new 
town of Miami was finished, and in March, 
1911, after completing its carefully planned 
and substantially constructed mill, power plant, 
and other units of its general equipment, the 
company began to produce concentrates. On 
April 17, 1913, a section of the overburden 
about 300 feet northwest of the No. 2 shaft 
suddenly collapsed, crushing everything to- 
gether down to the 370-foot level. No fatali- 
ties resulted from the falling rock itself, but 
five men were killed and others injured by the 
explosion-like blast of air sent through the 
drifts by the descending mass.^ Recurrence 
of such an accident is not likely, now that the 
capping or overburden has all settled down to 
the broken ore. 

The stimulus of the Miami Copper Co.'s oper- 
ations was quickly felt throughout the Miami 
district. Some companies confined their ac- 

1 Kin. and Sd. Press, vol. 106, p. Q2», 1913. 



tivity mainly to the stock market, but others 
began vigorous exploration. Among the latter 
the Inspiration Copper Co. and the Live Oak 
Development Co. deserve special mention. 

The Inspiration Copper Co. was oi^anized 
in December, 1908, and acquired the property 
of the Inspiration Mining Co., which had pr^ 
viously been under option to the General Devel- 
opment Co . Active prospecting by shafts, tun- 
nels, and chum drilling was begun in January, 
1909. In February of the same year the com- 
pany acquired the Taylor group of claims, and 
in July it closed an option on the Black Copper 
group, formerly owned by the Arizona Banner 
Copper Co. The Joe Bush, Scorpion, Colorado , 
and Bulldog shafts were simk by the new com- 
pany, and many tunnels begun by its prede- 
cessors were driven farther into the ridge. By 
the beginning of 1911 the Inspiration Copper 
Co. had driven about 27,000 feet of drifts and 
crosscuts, had put down over 80 drill holes, and 
had daveloped over 21,000,000 tons of ore. 

The Live Oak Development Co. was organ- 
ized on January 21, 1909, and secured under 
bond and lease the property of the live Oak 
Copper Mining & Smelting Co. for $438,600, of 
which the final payment of $337,000 was due in 
December, 1912, As much of the ore-bearing 
schist on the Live Oak ground is covered by 
porphyry or Gila conglomerate, and as the ore 
lies deep, the live Oak Development Co. is 
entitled to much credit for the results which it 
achieved. By the end of 1911 it had, by drill- 
ing and by ordinary undergroimd exploration, 
developed about 15,000,000 tons of ore. 

In January, 1912, a consolidation was effected 
between the Live Oak and Inspiration compa- 
nies. The new company, known .as the Inspi- 
ration Consolidated Copper Co., was capitalized 
at $30,000,000 m 1,500,000 shares of $20 par 
value. At the time of consolidation the engi- 
neers employed by the two companies reported 
the Inspiration ore reserves to be 30,300,000 
tons, assaying 1.95 per cent of copper and the 
Live Oak reserves to be 15,000,000 tons assay- 
ing 2.11 per cent of copper, or a total of 
45,300,000 tons of approximately 2 per cent 
ore. This appears to have been a moderate 
estimate. 

In the summer of 1912 active work was be- 
gim on an extensive plan of development and 
equipment. Two main hoistjing shafts were 
sunk in Webster Gidch to a depth of 585 feet. 
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Additional land was acquired IJ miles north- 
east of the shaft, and construction was begun 
on a 7,500-ton mill, the capacity of whict was 
afterward increased to about 15,000 tons. A 
standard-gage railway was built from the mine 
to the mill and from the mill to a connection 
with the Arizona Eastern Railroad below 
Miami, a total distance of 4 J miles. The Ari- 
zona Eastern also built an extension from Mi- 
ami to the Inspiration adit in Liveoak Gulch, 
on the south side of Inspiration Ridge. Exten- 
sive underground work was done in preparation 
for mining through the new main shafts. Con- 



It is doubtful, however, whether it would be 
possible to ascertain even approximately the 
quantity of copper yielded by the two districts 
during this period, and it is certain that the re- 
sults would not justify the attempt. The 
modem production at the date of writing 
(July, 1917) has been practically all made by 
the ll^ami, Inspiration, and Ray companies, 
and as these companies publish accurate figures 
in their annual reports the output for the two 
districts is easily ascertained. 

The production of the Miami mine is shown 
in the accompanying table. 



Production of the yfiami mine, 1911-1918, 



Year. 



OromlUod. 



1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 



Tom. 

445, 
1,040, 
1 , 058, 
1,096, 
1,348, 
1,842, 
1,640, 
2, 132, 



036 
744 
784 
633 
122 
017 
206 
941 



Concentrates 


Copper In con- 


produced. 


centrates. 


Tont. 


Ptmnda, 


20,065 


16, 195, 561 


46,683 


34, 560, 665 


45, 410 


34, 597, 568 


44,579 


35, 048, 445 


52,539 


44, 033, 761 


66,289 


66, 335, 103 


53,639 


46, 172, 322 


76,750 


61, 481, 662 



Netoroduction 
of refined eopper. 



Dividends paid. 



10,604,483, 405,954 328,425,087 



Pounds. 
15, 385, 783 




32, 832, 609 
32, 867, 666 
33, 296, 010 
41, 832, 059 
53, 518, 331 
43, 863, 699 
58, 407, 563 

312, 003, 720 


$1, 105, 572. 50 
1, 492, 838. 60 
1,120,463.00 
1,681,004.25 
4, 295, 905. 50 
6, 537, 247. 50 
3, 362, 013. 00 

19, 695, 043, 75 



struction was begun on a dam and pumping 
plant at Wheatfields, on Pinal Creek, to supply 
water for milling. 

Early in 1915 negotiations for the sale of the 
property of the New Keystone Co. to the Inspi- 
ration Consolidated Copper Co. were success- 
fully completed and the transfer was made, 
thus giving opportunity for direct imdergroimd 
connection between the Inspiration and Live 
Oak divisions of the consolidated property. 

In May of this same year the smeltery of the 
International Smelting & Refining Co., begun in 
1914 and situatml a short distance southeast of 
the Inspiration concentrating mill, was com- 
pleted and put into operation. The plant has 
a capacity of 250 tons of copper a day. 

The production of copper from the mine on a 
large scale began in June, 1915. 

PRODUCTION. 

Both at Ray and Miami small quantities of 
copper ores were produced intermittently over 
a period of many years prior to the modem de- 
velopment of the low-grade disseminated ores. 



The refining of the copper yields a Httle gold 
and some silver. The quantity of these metals 
produced annually is not stated in the com- 
pany's reports, but it appears that in 1915 the 
silver proceeds were a little over $30,000, cor- 
responding to approximately 15,000 ounces. 

The Inspiration ConsoUdated Copper Co. has 
produced as follows: 

Production of the Tnapiration mine, 1915-1918. 



Yetir. 


('^re concen- 
trated. 


Copper produced. 


Dividends paid. 


19150 


Tons. 

778, 851 
5, 316, 350 
3,891,075 
5, 110, 101 


Pnwndn. 

6 20, 067, 310 

c 120, 772, 637 

<i80,566,982 

« 98, 540,041 


■i............ 


1916 

1917 

1918 


$8, 548, 050. 75 
9, 761, 227. 75 
9,656,736.00 




15,096,377 


319, 946, 970 


27,955,014.50 



a Some earlier production ttova. the test mills, but the amount is not 
stated in the annual reports. 

^ 378,360 pounds of this was from oxidised ore sent directly to the 
smelter. 

c 1.341,348 pounds of this was from oxidized ore sent directly to the 
smelter. 

d 1,230,949 pounds of copper \na from oxidised ore sent directly to 
the smelter. 

< 1,063,464 pounds of copper was from oxidised ore sent directly to 
the smelter. 
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The production of the Ray "Copper Co. has been as follows: 

Production of the Ray mtn«, 1911-1918. 



Year. 



1911.. 
1912.. 
1913.. 
1914.- 
1915.. 
1916.. 
1917.. 
1918.. 



Ore treated. 



POKfMb. 

681, 519 
1, 565, 875 
2, 365, 296 
2, 427, 700 
2, 848, 969 
3, 332, 340 
3, 560, 900 
3, 411, 000 



Copper In 
ooDcentrates. 



Pottudt. 
15, 721, 520 
35, 861, 496 
63, 745, 937 
58, 020, 955 
61, 114, 514 
75, 182, 915 
86, 797, 586 
82, 445, 710 



20, 193, 599 



468, 890, 633 



Refined copper 
produced. 



Ponndt, 
14, 935, 047 
34, 674, 275 
52, 341, 029 
57, 004, 281 
60, 338, 936 
74, 983, 540 
a88. 582, 649 
» 83, 599, 160 



466, 458, 917 



SUyw 
produced. 



FHuouncet, 
1, 733. 53 

13. 439. 54 
70, 841. 96 
51, 608. 04 

45. 083. 55 
8, 125. 98 
8,020.00 
8, 395. 00 



Gold 
produced. 



Fineowtou. 



467.49 
306.53 
319. 81 
828. 00 
1,227.00 
1, 144. 81 



207, 247. 60 4, 293. 64 



Dividends paid. 



|1, 631, 504. 35 
1, 069, 321. 95 
1,872,319.07 
4, 337, 954. 75 
5,835,562.30 
6, 275, 831. 75 



20,042,494.17 



a Incluics refined equivalent of 6,409,770 poonda gross from ore sent directly to smelter. 
» Indudes refined equivalent of 4,473,660 pounds gross from ore sent directly to smelter. 
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Presence of Devonian shown between the Redwall 
(Carboniferous) and the Tonto (Cambrian); Chuar 
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Canyon. Divides them as follows: 

Cambrian Tonto. 
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A full description and discussion of the geology 
and ore deposits of the Globe quadrangle, written 
before the importance of the disseminated copper 
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relate to the occurrence of the disseminated ores, are 
summarized, corrected, and amplified in the following 
pages. 
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RanBome, F. L., U. S. Geol. Survey Geol. Atlas, Globe 
foUo (No. Ill), ipi. 

Contains nearly the same material as Prof. Paper 
12, although the mines are less fully described. 
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U. S. Geol. Survey Bull. 225, pp. 240-268. 1904. 
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or 12 miles east of the Ray quadrangle, in the latitude 
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stone 1,300 feet thick, and Cretaceous sandstone and 
shale. The l&st are the coal-bearing beds and rest 
unconformably on the Carboniferous. They are over- 
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coarse conglomerate at its base. Sedimentation was 
resumed from time to time during the andeaitic 
eruptions, and the volcanic series contains some beds 
of sandstone and a few thin seams of coal. 

It is estimated that the field contains 30,050,000 
tons of available coal of comparatively poor quality 
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Campbell, M. R., Conglomerate dikes in southern Ari- 
Bona: Am. Geologist, vol. 32, pp. 135-138, 1904. 
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Ransome, F. L., The Paleozoic section of the Ray 
quadrangle, Ariz.: Washington Acad. Sci. Jour., vol. 5, pp. 
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Tolman, C> F., jr.. Disseminated chalcodte deposits at 
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and a cross section of the Ray ore body. 
Tolman, C. F., jr.. The Miami-Inspiration ore zone: 
Min. and Sci. Press, vol. 99, pp. 646-658, 1909. 

Describes briefly geologic relations of ore bodies and 
proposed mining methods. 
Weed, W. H., The Ray copper-mining district, Ariz.: 
Min. World, vol. 34, pp. 53-56, 1911. 

A brief general account of the geology. 

Ix)veman, M. H., Geology of the Miami copper mine: 
Min. and Sci. Press, vol. 105, pp. 146-148, 1912. 

A clear, brief description of general geologic relations 

with a cross section through the mine. 

Spurr, J. £., The relation of ore deposition to faulting 

Econ. Geology, vol. 11, pp. 601-622, 1916. 

Refers at some length to geologic observations at 
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Herrick, R. L., Ray Consolidated mines: Mines and 
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A general description. 
Fuld, H. A., Prospecting with chum drills at Miami, 
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Edholm, G. L., Ore handling at Ray, Ariz.: Eng. and 
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A brief account of equipment and methods. 
Probert, F. II., and Fading, R. B., The estimation of 
ore reserves: Eng. and Min. Jour., vol. 92, pp. 1179-1180, 
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Dinsmore, C. A., The Ray Consolidated Copper Co.: 
Min. and Sci. Press, vol. 103, pp. 282-285, 1911. 
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Bowen, H. P., Data on Miami chum drilling: Eng. and 
Min. Jour., vol. 97, pp. 903-904, 1914. 

Description of apparatus and methods. 
Vail, R. H., Smelting Ray concentrates at Hayden, 
Ariz.: Eng. and Min. Jour., vol. 98, pp. 553-558, 1914. 
A concise technical description. 
Penny, A. N., Mining low-grade copper ore by Ray Con- 
solidated: Eng. and Min. Jour., vol. 99, pp. 767-770, 1915. 
A good brief description of methods. 



INTRODUCnON'. 



25 



Bowen, H. P. , Engineering notes and meithodB at Miami: 
Eng. and Min. Jour., vol. 100, pp. 15-17, 1915. 

Description of surveying and recording devices. 
[Anon.], Flotation at the Inspiration mine, Ariz.: Min. 
and Sci. Press, vol. Ill, pp. 7-10, 1915. 

Description of machinery and methods in the 1,000. 
ton test mill built before the completion of the main 
concentrating mill. 
Kerns, R. W., International smeltery at Miami: Eng. 
and Min. Jour., vol. 101, pp. 421-424, 1916. 

Blackner, L. A., Underground mining systems of Bay 
Consolidated Copper Co. : Am. Inst. Min. Eng. Trans., vol. 
52, pp. 381-422, 1916. 

A well-illustrated accoimt of mining methods. 
Burch, n. K., Concentration at Inspiration — I: Eng. 
and Min. Jour., vol. 102, pp. 411-415, 1916. 

Excerpt from paper presented at meeting of Ameri- 
can Institute of Mining Engineers in September, 1916. 
Burch, H. K., and Whiting, M. A., Automatic operation 
of mine hoists as exemplified by the new electric hoists for 
the Inspiration Consolidated Copper Co.: Am. Inst. Min. 
Eng. Trans., vol. 55, pp. 10-23, 1917. 

McGregor, A. G., Features of the new copper-smelting 
plants in Arizona: Ahi. Inst. Min. Eng. Trans., vol. 55, pp. 
781-804, 1917. 

Describes and illustrates details of eciuipment and 
methods of handling materials. 
Burch, H. Kenyon, Mine and mill plant of the Inspira- 
tion Consolidated Copper Co. : Am. Inst. Min. Eng. Trans., 
vol. 55, pp. 707-740, 1917. 



An excellent, full, and detailed account of the min- 
ing and milling equipment. 
Gahl, Kudolph, History of the flotation process at Miami, 
Ariz.: Am. Inst. Min. Eng, Trans., vol. 55, pp. 576-645, 
1917. 

A thorough, comprehensive technical account of 
experiments, present practice, and results. 
Deane, E. G., The block method of top slicing of the 
Miami Copper Co.: Am. Inst. Min. Eng. Trans., vol. 55, 
pp. 240-244, 1917. 

A concise technical description, with illustrations. 
Arnold, C. E., Cost and extraction in the selection of a 
mining method: Am. Inst. Min. Eng. Trans., vol. 55, pp. 
203-207, 1917. 
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ores. 
Lehman, G. R., Ore-drawing tests and the resulting 
mining method of Inspiration Consolidated Copper Co.: 
Am. Inst. Min. Eng. Trans., vol. 55, pp. 218-231, 1917. 
A detailed account of methods and results. 
Ricketts, L. D., Dust losses in copper smelting: Eng. 
and Min. Jour., vol. 102, pp. 396-397, 1917. 

Discusses losses in the Miami plant of the Interna- 
tional Smelting Co. 
Scott, David B., Stoping methods of MLeimi Copper Co.: 
Am. Inst. Min. Eng. Trans., vol. 55, pp. 137-153, 1917. 
A good technical account of the shrinkage stope 
system employed in part of the mine. 
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BROAD topographic FEATURES. 

The mountains and valleys that diversify 
a landscape are an inunediately visible result 
of geologic processes which have been active 
for untold ages and which are still effecting 
changes before our eyes. In a consistently his- 
torical treatment, therefore, description and dis- 
cussion of the surface configuration of the 
region should come last, both as a fit conclu- 
sion to the geologic story and as an introduc- 
tion to geography, which deals with existing 
conditions on the earth's surface. It is prob- 
able, however, that to most readers accounts of 
rocks and geologic structure will be the clearer 
and more interesting the more vivid their 
mental picture of the r^on in its outward 
aspect. The broader features of relief and 
drainage, with some of the relations of these 
features to geologic structure, will accordingly 
be briefly presented in advance of the chapters 
devoted to geology proper. 

As already intimated, the copper deposits 
of Kay and Miami are within what has been 
termed the mountain region of Arizona, as 
distinguished from the Plateau of Arizona to 
the northeast and the desert region to the 
southwest. The general boundary between 
the plateau and the mountain region, as may 
be recognized from Plate I, although irregu- 
larly dentate, is on the whole fairly definite 
and has been generalized in figure 1. That 
between the mountain region and the desert 
region, however, is much more obscure, al- 
though a line drawn from Nogales, on the 
Mexican border, through Tucson, Florence, 
Phoenix, Wickenburg, and Needles would, in a 
general way, separate these two provinces. 

The mountain region is characterized by 
numerous short ranges, as a rule nearly parallel 
with each other and with the curved edge of the 
plateau. Few of these ranges exceed 50 miles 
in length or attain altitudes greater than 
8,000 feet. They are separated by valleys which 
are narrow as compared with their lengths or 
with the wide imdrained plains or bolsons to 
the southwest. Some of these valleys, such as 
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that of San Pedro River in southern Arizona, 
are very much longer than any one of the 
individual ranges by which they are laterally 
confined. 

Although it can not be safely said that these 
ranges generally exemplify the simple Great 
Basin range type of uptilted blocks, it is certain 
that faulting has been far more important than 
folding in the development of their structure, 
and it is highly probable that the greater 
faults have determined the trend of the ranges 
and of the longitudinal valleys. The ranges 
and larger valleys probably owe their relative 
difference in relief primarily to faulting, 
although the valleys have since been partly 
filled with the Gila conglomerate and other 
fluviatile and lacustral deposits of Quaternary 
or late Tertiary age. In other words the long 
valleys are structural troughs and have not, 
like the Appalachian valleys, been excavated 
by erosion. 

The Hay-Miami region (PL II) lies for the 
most part between Gila River and its principal 
tributary, Salt River, streams which head 
imder the edge of the plateau and flow west- 
ward across the mountain belt, escaping from 
one longitudinal valley to another by deep 
gorges through the mountains. The area 
represented in Plate II illustrates well the 
general topographic features of the mountain 
region. Three of the typical ranges traverse 
it obliquely from southeast to northwest. On 
the north, mainly in the Globe quadrangle, is 
the Pinal Range, which attains an elevation of 
7,850 feet. Although sawmiUs have thinned 
the pine groves that gave the range its name, 
young trees are fast growing on these moun- 
tains, which in their wooded aspect contrast 
strongly with their near neighbors. The Pinal 
Range is composed of pre-Cambrian crystal- 
line rocks with some younger granitic intru- 
sives. Its topography has the bold irr^u- 
jarity characteristic of a comparatively early 
stage in the erosion of an uplifted mass of 
heterogeneous and unsystematically arranged 
materials. 
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Southeast of the Pinal Range, and topo- 
graphically more or less a continuation of it, 
is the Mescal Range, composed of Paleozoic and 
perhaps older sedim^its cut by great irregular 
sills of diabase. The general homoclinal 



Globe. Inasmuch as these same sedimentary 
rocks also form the low hills northeast of Globe 
it is fairly certain that the Pinal and Mescal 
ranges constitute in the main a great fault 
block, upheaved relatively to the country 
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FtoUBS 1.— Index map showing position of the Olobe and Ray quadrangles and the approximate outUnes of the three principal topographic 
fegions of ArlxQDa. The plateau regiou is on the northeast, the desert region is on ttie southwest, and the mountain region lies between 



than. 



structure, with dip of about 22° SW., is con- 
spicuously displayed in the topography (PL 
III), and the beds at one time evidently lapped 
up over the southwest slope of the Pinal Range, 
culminating probably in a lofty scarp overlook- 
ing the lower country along Pinal Creek near 



northeast of Globe and tilted about 20° SW. 
The fault plane or zone is probably covered by 
the Gila conglomerate, which fills the valley of 
Pinal Creek. 

Southwest of the Mescal Range is Dripping 
Spring or Disappointment Valley, which drains 
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southeastward into the Gila. With its thick 
filling of Gila conglomerate elaborately sculp- 
tured by erosion and scored by steep-walled, 
branching arroyos, which open into broader 
sandy "washes" (see PI. IV, A), this is a typ- 
ical though small intennontane valley of the 
mountain region. 

The Dripping Spring Range, wliich forms the 
southwest wall of the valley, is a minor but dis- 
tinctly linear range which reaches an altitude 
of 6,115 feet in Scott Mountain, northeast of 
Ray, Seen from a distance (PL IV, B) these 
mountains show none of that topographic regu- 
larity which gives so obvious a clue to the 
structure of the Mescal Range but present an 
appearance which to the experienced eye indi- 
cates that their form is due to the action of 
erosion on an uplifted mass of small fault blocks 
that are without systematic arrangement. 
These blocks are so small and so numerous that 
it is impossible to show them adequately on a 
map of the scale of Plate II. 

Southwest of the Dripping Spring Range is 
the valley locally occupied by the Gila, which, 
after traversing that range through the gorge 
of which a small part lies in the southeast comer 
of the area mapped on Plate II, flows north- 
westward for about 9 miles in a lowland that 
is structurally a part of the long depression 
followed by San Pedro River from the Mexican 
border to its jimction with the Gila at Winkel- 
man, just south of the area mapped on Plate II. 
This valley is filled to a great and unknown 
depth with the Gila conglomerate and perhaps 
older deposits, intrenched within which is the 
present flood plain of the river, having a maxi- 
mum width of about 1 mile. At Kelvin the 
river turns westward and escapes through an- 
other gorge in the Tortilla Range to the broad 
plains aroimd Florence and Phoenix. 

The Tortilla Range marks locally the south- 
west edge of the mountain region. This range 
is rather narrow and almost buried by the Gila 
conglomerate a few miles south of the area here 
described, but to the north of the Gila it be- 
comes wider and less definite, and certain bold 
units of this confused mass of hills, such as the 
Superstition Mountains, have received separate 
names. The higher portions of that part of the 
range included within the area represented by 
Plate II consist mainly of pre-Cambrian granite 
with yoimger intrusives. South of the Gila 
this granitic axis is flanked on the oast by sharp, 



narrow ridges composed of the same sedimen- 
tary formations that occur in the Dripping 
Spring and Mescal ranges, but these formations 
are here steeply upturned. - Northwest of Ray, 
as far as the south end of the Mazatzal Range, 
great flows of dacite partly cover the old^' 
rocks, and from this lava have been carved 
many of the most conspicuous topographic 
features in that part of the field. 

STREAMS AND SPRINGS. 

The only large perennial streams in the re- 
gion are Gila River an^ Pinal and Mineral 
creeks, although little ruimels of pure water 
may generally be found throughout the year 
in some of the shady ravines of the Pinal 
Range. Small springs of potable water are 
distributed rather evenly over the moimtainous 
portions of the area, there being probably 
between 40 and 50F perennial springs in the 
Globe and Ray quadrangles combined. 

The discharge of the Gila has been measured 
at San Carlos, 25 miles above the point where 
it enters the Ray quadrangle, and also at a 
locaUty known as ^'the Buttes," about 12 
miles west of Ray Junction. The results are 
shown in the following table: ^ 

Estimated annual disdiarge. in acre-feet, of Gila River 
at the Butter and San Carlos, Ariz. 



Seasonal year 188^90, Sept. 1 to 
Au^. 31 

Fractional year 1895, Aug. 1 to Dec. 
31 

Year 1896 

Fractional year 1897, Jan. 1 to Oct. 3 

Year 1898, approximate 

Fractional year 1899, Jan. 1 to Sept. 
30 



TheButtes. SanCarlos.^ 



366,561 

354, 429 
616, 206 
503.585 
363, 902 

203. 910 



329,905 

318, 986 
554,585 
463,227 
327, 612 

187, 519 



Discharge at Son Carlos estimated as 00 per cent of Tolume ct the 
Buttes. 

Lippincott ' has concluded that the mean 
annual discharge at San Carlos is 422,184 acre- 
feet and at the Buttes 469,093 acre-feet,* the 
difference being due chiefly to the contribution 
of the San Pedro near Winkelman, just south 
of the Ray quadrangle, although Mineral Creek 
at certain seasons is also a considerable affluent. 
An annual discharge of 469,093 acre-feet is 

1 Lippincott, J. B.y Storage of water in Gila River: U. S. Geol. Survey 
Water-Supply Taper 33, p. 23, 1900. 

« Idem, p. 30. 
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equivalent to an average flow of 25^900 miner's 
inches, or approximately 4,850 gallons a 
second. 

The river where it crosses obliquely the val- 
ley between the Dripping Spring and Tortilla 
ranges is bordered by an irregular flood plain 
that has a maximum width of 1^ miles. Some 
of this land is under cultivation, but the river, 
which in midsummer is a shallow, easily forda- 
ble stream, is subject to violent floods, es- 
pecially in January and February, which render 
more or less precarious the tenure of the culti- 
vators. Even at low water the Gila carries 
much fine silt, and of course at times of flood it 
is much more heavily laden. The San Pedro 
in the dry season carries little visible water, 
and the bed of Mineral Creek near its mouth is 
normally dry. The appearance of Mineral 
Creek immediately after a rain is shown in 
Plate V, Ay and a view of the Gila as il enters 
the gorge west of Ray Junction appears in 
Plate V| B. At the time this view was taken 
the river was slightly swollen by local rains. 

Abundant water is obtainable by pumping 
from wells of moderate depth sunk in the al- 
luvial plain of the Gila, and it is from this 
source that the large supply is obtained for the 
concentrating mill and smelter at Hayden. 
Similarly, the underground flow of Pinal Creek 
supplies the town of Globe, and water for the 
miUs of the Miami district is obtained partly 
from the same flow, partly from a storage dam 
across Pinal Creek, and partly from the lower 
levels of the Old Dominion mine, which pumps 
(1915) from 7,500,000 to 8,000,000 gallons a 
day and drains a large area of the Gila con- 
glomerate adjacent to the town of Globe. 
The Miami Copper Co. in 1915 purchased 730,- 
000,000 gallons. 

The water used at Ray is derived partly 
from springs and partly from the upper por- 
tion of Mineral Creek. 

CLIMATE AND VEGETATION. 

The ore bodies described in this volume owe 
their importance to enrichment effected through 
the agency of downward-moving atmospheric 
water, and it is therefore clear that precipita- 



tion, as determining the quantity of water 
available for erosion and enrichment, and 
vegetation, as influencing the character of 
erosion and the quantity of water absorbed by 
the ground, are factors to be considered in the 
discussion of the ores, even though it should 
be shown that the main enrichment took place 
before the present climatic conditions were 
established. 

In consequence of its considerable differences 
in altitude, the region enjoys corresponding 
diversity of climate and flora, the conditions 
ranging from those exemplified by the com- 
paratively well-watered and pine-clad crest of 
the Pinal Range to the dry, gravelly ridges of 
the larger valleys, with their scanty growth 
of typical desert plants. At Globe, where the 
elevation is 3,500 feet, no complete records of 
precipitation have been kept, but figures re- 
ported to the Weather Bureau for the years 
1894, 1908, and 1909 give a mean annual 
rainfall of about 15.5 inches. At the Pinal 
ranch, 12^ miles southeast of Globe and 1,000 
feet higher, the mean annual precipitation is 
23.5 inches; at San Carlos, on the Gila, a few 
miles east of the region mapped on Plate II 
and 1,000 feet lower than Globe, it is 13 inches; 
and at Dudleyville, on the Gila just south of 
the area represented by Plate II and 2,360 feet 
above the sea, it is 14 inches. The heaviest 
precipitation is along the crest of the Pinal 
Range, where considerable snow falls during a 
normal winter. 

The upper parts of these mountains are still 
well wooded, in spite of the ravages made by 
sawmills and woodcutters before the establish- 
ment of the Crook National Forest. Elsewhere 
in the region, except here and there in partly 
shaded ravines and northern slopes, the vegetar 
tion is too sparse to have much influence in 
the retention of the smf ace water or in the 
protection of soil. Cactuses of wide diversity 
in form and flower, from the giant saguaro to 
small creeping or sessile species, yuccas and 
agaves of various kinds, and thorny shrubs 
such as the cat's-claw, mesquite, and paloverde 
are the plants that give character to the land- 
scape and at times of bloom adorn it with 
distinctive beauty. 



Chapter III.— Geology op the Ray-Miami Region. 



INTRODUCTORY OUTLINE. 

The sequence and thickness of the geologic 
formations in the Ray-Miami region are shown 
in figure 2. The column, however, does not 
represent the fuU history of deposition in this 
region. Between certain divisions are imcon- 
formities showing that at times the accumula- 
tion of sediments on a sea bottom or near sea 
level was interrupted by uplift and* erosion. 
In addition to the four unconformities plainly 
recognizable there are possibly others in the 
rocks below the Devonian, although all the 
beds provisionally included in the Cambrian 
appear to have been laid down without any 
break in sequence. 

The fundamental rocks of the region are 
those designated the Pinal schist, commonly a 
thinly laminated sericiUc variety, and certain 
granitic rocks that have been intruded into the 
schist. The Pinal schist consists in the main 
of metamorphosed sedimentary rocks. Both 
the schist and the granite are pre-Cambrian 
and were subjected to long erosion before the 
deposition of the succeeding formations. 

Resting as a rule directly on the worn surface 
of the pre-Cambrian crystalline rocks is the 
Scanlan conglomerate. This formation varies 
in character and thickness from place to place. 
Generally in the Ray quadrangle it is about 15 
feet thick and contains abundant well-roimded 
pebbles, some of which are quartzite. In some 
places weathered, disintegrated, and rece- 
mented granitic detritus, or arkose, lies be- 
tween the conglomerate and the pre-Cambrian 
granite. 

The Scanlan conglomerate is overlain con- 
formably by the Pioneer shale. As a rule this 
formation consists of dark reddish-brown more 
or less arenaceous shale composed largely of 
fine granitic detritus with little or no calcareous 
material. At many places the shale grades 
downward into arkosic sandstone. Abundant 
round or elliptical spots of hght-buff or greenish 
color are highly characteristic of the shale. 

Next above in the stratigraphic series is the 
Barnes conglomerate, which in its typical de- 
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velopment consists of smooth pebbles of white 
quartz and of hard vitreous quartzite in an 
arkosic matrix. The pebbles are generally less 
than 6 inches in diameter. Small fragments 
or pebbles of bright-red jasper, although 
nowhere abundant, are a very characteristic 
and constant feature of this conglomerate, 
which in the Ray-Miami region is from 10 to 
40 feet thick. 

Conformably overlying the Barnes con- 
glomerate is a formation of quartzite and 
quartzitic sandstone from 400 to 500 feet thick, 
the Dripping Spring quartzite. In most locali- 
ties in the Globe, Ray, Florence, and Roosevelt 
quadrangles this formation is closely asso- 
ciated with thick intrusive masses of diabase, 
chiefly in the form of sheets foUowing the 
bedding planes but also as crosscutting bodies 
connected with the sheets. 

The Mescal limestone conformably overlies 
the Dripping Spring quartzite. It is composed 
of thin beds that have a varied range of 'color 
but are persistently cherty. The siliceous 
segregations as a rule form irr^ular layers 
parallel with the bedding planes, and on 
weathered surfaces these layers stand out in 
relief and give the limestone the rough, gnarled 
banding that is its most characteristic feature. 
The average thickness of the Mescal limestone 
in the Ray-Miami region is about 225 feet. 
At the time of the diabase intrusions the 
Mescal offered less resistance to the advance of 
the magma than the other formations, and it 
has been much broken and displaced by the 
force of the igneous invasion. In places it is 
represented only by fragments included in the 
diabase. Between the limestone and the over- 
lying formation is a layer of decomposed 
vesicular basalt whose maximum observed 
thickness is from 75 to 100 feet. Although the 
basalt in places is much thinner than this, the 
flow was apparently coextensive with the 
Mescal limestone throughout the Ray and 
Globe quadrangles and has been recognized as 
far north as Roosevelt. This basalt, owing to 
its small thickness, has been mapped with the 
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Mescal limestone in the Ray quadrangle, 
although it is not included in the definition of 
that fonnation. 

The succeeding fonnation is the Troy quartz- 
ite, about 400 feet thick, in the Ray-Miami 
region. Everywhere in Ihis region it is sepa- 
rated from the Mescal limestone by the basalt 
flow, and this may possibly indicate some un- 
conformity. No evidence of erosion, however, 
has been detected either below or above the 
basalt, which may have flowed over the sea 
bottom. 

All the beds thus far described as above the 
great unconformity at the base of the Scanlan 
conglomerate constitute the Apache group and, 
although no fossils have been found in them, 
are believed, for reasons presented on pages 49 
and 50, to be of Cambrian age. It is possible 
that some of the beds near the top of the group 
may represent Ordovician and Silurian time, 
but there is no fossil evidence for this. Nor 
has any unconformity been detected to account 
for the apparent lack of representation of these 
two great periods. 

Conformably above the Troy quartzite is the 
Martin limestone, which is about 325 feet thick 
in the Ray-Miami region. This formation is 
divisible into upper and lower portions of 
nearly equal thickness. The upper portion 
carries characteristic Devonian fossils, but no 
identifiable fossils have been found in the lower 
portion, which consequently can not be re- 
garded as unequivocally Devonian. 

The Martin limestone is conformably over- 
lain by a thick-bedded light-gray limestone 
that is nearly everywhere a prominent cliflf 
maker. This is the Tornado limestone. As 
exposed in the Ray quadrangle it has a maxi- 
mum thickness of at least 1,000 feet. As its 
upper limit is a surface of erosion dating in part 
from early Mesozoic time, the limestone was 
probably once much thicker. It is of Car- 
boniferous age. 

After the deposition of the Tornado lime- 
stone the region was uplifted above sea level 
and underwent erosion, probably imtil Cre- 
taceous sedimentation began. The diabase is 
thought to have been intruded when this up- 
lift occurred, in late Paleozoic or early Meso- 
zoic time. Intrusive relations show very 
clearly that the diabase is younger than the 
Troy quartzite. The Martin and Tornado 
limestones have been cut only here and there 
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Martin limestone 
325 feet 

Generally rather thin beds. Fossiliferous in 
upper half. Gritty at base. Shale at top 



Trcfv quartzite 
4oOfeet 
Generally pebbly cross-bedded quartzite 
with lenses of conglonterate. Shaly 
rusty beds with worm casts at top 
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Mescal limestone 

225 feet 

Thin varicolored, more or less dokxnitic 

beds with conspicuous cherty layers 



Dripping Spring quartzite 

450 feet 
Fine-grained varicolored arkosic quartzite, 
, much of it with dark-red and gray band- 

Inig. Partings bebween beds not distinct. 

Ripple nurks 



Barnes conglomerate 
1055 feet 



Pioneer shale. 150 feet 
Maroon shale, arkosic and quartzitic near base 



Scanlan conglomerate. 045 feet- 

GREAT UNCONFORMITY 



Pinal schist 
and intrusive granitic rocks 



Fig UBS 2.— Genecalixed oolumziar section of the rocks of the Olobe-Ray 

region. 
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by small bodies of diabase that are supposed to 
represent parts of the same magma that solidi- 
fied in larger masses at lower stratigraphic 
horizons. 

In the southern part of the Ray quadrangle 
and stretching southward across the Gila is a 
broad belt of andesitic tuff and breccia asso- 
ciated with some andesitic lava flows and cut 
by many porphyry dikes of andesitic to dioritic 
or monzonitic character. In places the andes- 
ite is separated from the eroded surface of the 
underlying Tornado limestone by a few feet of 
angular cherty detritus, clay, or fine, soft tuff. 
Along the Gila, however, and according to 
Campbell ^ south of that stream a coarse con- 
glomerate lies at the base of the volcanic series. 
Walcott* and Campbell both refer to the andes- 
ite as overlying Cretaceous sediments and con- 
nected wiUi them by the intercalation of 
sedimentary layers containing a little coal. 
Presumably, therefore, the andesite, like the 
coal, is Cretaceous. 

The eruption of the andesitic rocks was fol- 
lowed by the intrusion, in the general order 
enumerated, of (1) quartz diorite, in small 
irregular masses and a few dikes of considerable 
size; (2) granite, quartz monzonite porphyry, 
and granodiorite, in masses, some of which, as 
the Schultze granite, are several miles in diam- 
eter; and (3) quartz diorite porphyry, in 
dikes, sills, and small rotund masses. The 
rocks of the second group^are closely related to 
the copper deposits. The time of intrusion of 
all the rocks mentioned is not definitely known. 
They are provisionally considered early or 
middle Tertiary. 

The intrusion of these rocks was followed by 
a period of erosion during which was deposited 
in parts of the region the Whitetail formation, 
of very irregular thickness, consisting chiefly 
of coarse angular or only slightly waterworn 
land detritus. 

The next rock in order of time is dacite, 
which was poured out as a thick lava flow, or 
possibly as a series of flows. Although the 
continuity of this lava cover has been much 
broken by faulting and erosion the dacite still 
occupies a large portion of the area. The for- 

^Gampbell, M. R., The Deer Creek coal field, Arit.: U. 8. Oeol. Sur- 
vey Bull. 225, p. 247, 1904. 

* Waloott, C. D., Description of the Deer Creek coal field: 48th Cong., 
2d sess., S. Ex. Doc. 20, Appendix I, pp. 6-7, 1885. 



mer maximum thickness is unknown, but 
existing remnants show that it must have ex- 
ceeded 1 ,000 feet. The age of the dacite is not 
closely determinable, but the lava is supposed 
to have been erupted in the later half of Ter- 
tiary time. 

tlie outpouring of the dacite was followed by 
extensive faulting and vigorous erosion. Dur- 
ing the erosion period, probably in early Qua- 
ternary time, the Gila formation accumulated 
in the valleys. This is a fluvio-lacustrine de- 
posit ranging from very roughly bedded coarse 
angular detritus near the moimtains to well- 
bedded silts and gypsum layers in the middle 
of the broader valleys. The Gila formation 
has been deformed by faulting and in general 
has been deeply cut by erosion. 

PRE-CAMBRIAN ROCKS. 

PINAL SCHIST. 

OCCUBBENGE AND DISTBIBUTION. 

The oldest formation in the Ray-Miami 
r^on is the Pinal schist,* of pre-Cambrian and 
possibly of Archean age. With various gran- 
itoid intrusives it constitutes a basal complex 
upon which the Paleozoic sediments were laid 
down, and is particularly important as being 
the general coimtry rock of the disseminated 
copper deposits. 

The most extensive body of schist visible in 
the region (see PI. II) is that of the Pinal 
Range, exposed over an area about 16 miles 
long from southeast to northwest and about 12 
miles in greatest width. This mass, however, 
is not all schist; it contains much irregidarly 
intruded pre-Cambrian quartz diorite (Madera 
diorite) and granite, with a considerable body 
of a much yoimger intrusive rock, the Schultze 
granite. The Miami copper deposits occur in 
the northeast corner of this schist area, in asso- 
ciation with the Schultze granite. 

Faulting, followed by denudation, has led to 
the exposure of many small areas of Pinal 
schist at the northwest end of the Dripping 
Spring Range and in the valley of liCneral 
Creek near Ray. Evidently the schist is the 
prevalent fundamental rock of this part of the 
r^ion, and deeper erosion would reveal its 
direct connection with the mass exposed in the 

* Named and defined In U. 8. Qeol. Sorvey Prof. P&per 12, p. 23, 
1903. 
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Pinal Range. The principal area of schist 
near Ray lies for the most part on the west side 
of Mineral Creek and contains the valuable 
disseminated copper ores of the Ray district. 

LITHOLOOIG CHABACTEB. 

Like most crystalline metamorphic formar 
tions, the Pinal schist is not uniform in appear- 
ance. The divergencies from what may be 
considered the typical schist are mainly of two 
kinds — those due to differences in the original 
materials from which the schists were formed 
and those dependent upon local variations in 
the intensity of the metamorphism. As exam- 
ples of the first kind may be mentioned certain 
subordinate bands of amphibolite schist in the 
Globe quadrangle and some irregular bands of 
an imusual variety southwest of Ray, described 
on page 34. The second^ kind of variation is 
illustrated by the increase of thecrystallinity 
of the schists and the development of additional 
minerals in them near the contact with intru- 
sive masses, such as the pre-Cambrian quartz- 
mica diorite (Madera diorite) of the Pinal 
Range or the quartz monzonite porphyry of 
Granite Mountain, southwest of Ray (PI. VI). 
On the whole, within the Globe-Ray region 
variations dependent upon degree oi meta^ 
morphism are more conspicuous than those 
dependent upon differences in composition. 

In general the Pinal schist ip light gray to 
blue-gri^y, with a more or less satiny luster on 
cleavage surfaces. In texture the varieties 
range frocu very fine grained slaty sericitic 
schist to imperfectly cleavable, coarsely crys- 
talline quartz-muscovite schist carrying locaJly 
andalusite or sillimanite. The coarsely crys- 
talline varieties occur chiefly in the Globe 
quadrangle, in the vicinity of the Madera diorite 
in the Pinal Mountains, and grade into the less 
metamorphosed kinds that make up the bulk 
of the formation and are characteristic of most 
of the exposures in the Ray quadrangle. Asso- 
ciated with the lustrous silvery sericitic schists, 
particularly in the Globe quadrangle, are a 
few layers of green amphibolitic schist. 

In ^e areas of schist exposed from the town 
of Ray northeastward to the south border of 
the Globe quadrangle the prevalent variety is 
an aphanitic fissile blue-gray rock that disin- 
tegrates readily so that slopes on the schist 



present a characteristic glistening blue smf ace 
distinguishable at a distance from the detritus 
into which other formations break down by 
weathering. Small, ill-defined dark spots, due 
to the local s^regation of some of the deeper- 
colored constituents especially biotite or chlo^ 
rite, are common in certain bands, and some 
rather consfttbuously spotted schist occurs in 
the contact zone of the granite porphyry on 
Granite Mountain, near Ray. 

Microscopic sections show that the principal 
constituent minerals of the typical fine-grained 
fissile schist are quartz and sericite. The 
quartz occurs in part as grains of irregular 
outline as much as 0.5 millimeter in diameter 
in a finely granular groundmass of quartz and 
sericite with many dustlike particles of mag- 
netite. Small, short prisms of tourmaline are 
fairly abundant, and minute roimded crystals 
of zircon are sparsely disseminated through 
the rock. The fissility of the schist is deter- 
mined by the general parallel arrangement of 
the sericite flakes and a tendency of this min- 
eral to form thin layers separated by corre* 
spondingly thin layers of quartz granules. 

A specimen collected 2 miles northeast of 
Pinal Peak, a few hundred feet' from the 
Madera diorite, may be taken as typical of 
the coarser mica schist. This is a silvery- 
gray rock of imperfect cleavage and on sur- 
faces of fresh fracture flashes with irregu- 
lar plates of white mica, generally about half 
a centimeter across. Under the microsoope 
the principal constituents are seen to be 
quartz and muscovite in very irregularly 
bounded crystal grains. The miiscovite occurs 
both in comparatively large plates, many of 
which inclose grains of quartz, and as the small- 
leaved variety known as sericite. The sub- 
ordinate minerals are magnetite, plagioclase, 
fibrolite, rutile (?), and chlorite. Similar 
varieties of the schist near the quartz diorite 
contain abundant andalusite. 

Chemical analyses of samples of the Pinal 
schist are given on page 35, where are discussed 
the origin and metamorphism of the forma- 
tion. 

In connection with the general account of 
the Pinal schist, the exceptional variety 
already^ referred to as occurring west of Ray 
deserves brief description. As shown on the 



108866"— 19- 



34 



COPPER DEPOSITS OF BAY AND MIAMI, ARIZ. 



geologic map of the Ray district (PL XLV) 
the exposures of this schist form a complex 
east-west band that conforms with the general 
strike of the normal schist on the north slope 
of Granite Moxmtain, just south of the princi- 
pal area of cupric metallization. 

On surfaces transverse to the planes of 
schistosity this schist shows codSpicuous len- 
ticular eyes of quartz, the laigest a centimeter 
in length, around which the finer material of 
the schist curves in flowing lines of foliation. 
(See PI. VII.) Associated with the quartz in 
some f acies are much more compressed lenses 
or Sims of dark material that appear to be 
chiefly aggregates of minute biotite or chlorite 
scales. These rocks are as a rule of dull gray 
color, are not conspicuously micaceous, and 
consequently do not have the luster or sparkle 
of the ordinary schist. 

Under the microscope (PL VII, B) some of 
the quartz eyes, although cracked, deformed, 
and even granulated, show the embayed out- 
lines characteristic of quartz phenocrysts in 
siliceous porphyries. Associated with these 
are crystals of feldspar, in part orthoclase and 
in part sodic plagioclase. The feldspar, which 
presumably at one time possessed automorphic 
outlines, is now separated from the groimdmass 
of the rock by indistinct ra^ed lines, as seen 
in thin sections, suggestive of some recrystalli- 
zation of the feldspar material. The crystals, 
moreover, contain abundant minute inclusions 
of sericite and biotite which have developed 
within them in the course of the metamorphism 
of the rock to a schist, and some aggregates of 
sericite probably represent completely altered 
feldspars. Most thin sections show also a few 
small phenocrysts of magnetite, which, like 
the quartz, have been fractured and deformed. 

The groundmass of this variety of the schist 
is a fine-textured aggregate of quartz, sericite, 
biotite, and magnetite. These minerals are 
not evenly distributed but are segregated 
into curved irregular layers so that, when seen 
in thin sections transverse to the foliation, the 
rock suggests flow structure as well as schis- 
tosity. 

It is highly probable, as wiU presently be 
shown, that this exceptional facies of the 
Pinal schist was originally a glassy rhyolitic 
lava with eutaxitic flow banding and that 



schistosity was subsequently developed in 
general parallelism with this earlier structure, 
just as it has followed, in the main, the planes 
of bending in the sediments, from which the 
prevalent sericitic schist was developed, al- 
though there are doubtless many places where 
the older and younger structures diverge. 
Field relations indicate that the igneous mate- 
rial was once a fairly regular layer in those 
sediments and not an irregular intrusion. The 
present intricacy of plan is probably the result 
of folding and dose compression. A chemical 
analjrsis of this facies is given on page 36. 

Associated with the metallized schist in the 
Ray district are bodies of dark, generally soft 
and decomposed schist that was evidently at 
one time an igneous rock, probably a diabase. 
These masses a^ not large and as a rule are 
not ore bearihg, but they are so related to the 
ore bodies as to deserve careful study. They 
can be discussed in connection with the de- 
tailed account of the Ray ore deposits (see p. 
125) more appropriately tnan in a general sec- 
tion on the Pinal schist. 

STBUCTUBAL FEATUBES. 

As might be expected in rocks so old and so 
intricately intruded by batholithic granitic 
masses during more than one geologic period, 
the Pinal schist shows variations in the strike 
and dip of its planes of schistosity, and locally 
these planes are intensely crumpled and con- 
torted. The disturbance is probably least in 
the broad belt on the lower southwest slope 
of the Pinal Range. In this area regularly 
laminated sericite schists, containing some 
layers in which the original character of 
quartzose grits is distinctly recognizable, pre- 
dominate, but toward the Madera diorite they 
change to more coarsely crystalline muscovite 
schists. The prevailing strike of the schis- 
tose cleavage in this and in other schist areas 
of considerable extent is northeast.. The dip 
ranges from 45° to vertical and is generally to 
the northeast. As a rule the schistosity is 
roughly parallel with whatever larger banding 
due to differences in the composition of the 
schists may be discernible. This fact is ac- 
cepted as an indication that the schistosity is 
approximately parallel with the original bed- 
ding of the rocks. It is noteworthy that the 
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general strike of the schistose cleavage is not 
parallel with the present mountain ranges of 
the r^on but in the largest area of exposure 
runs nearly at right angles to them. 

Excessively crumpled laminae are charac- 
teristic of the schist in the vicinity of Miami 
and on Pinto Creek, near the mouth of Cotton- 
wood Creek. This intense local deformation, 
while probably favorable for ore deposition, 
other things being equal, was apparently 
neither a necessary factor in metallization nor 
an invariable accompaniment of that process. 

ORIGIN ANB METAMORPHISM. 

The foregoing description has given antici- 
patory suggestions of the conclusion that the 
Pinal schist is, in the main, a series of meta- 
morphosed sediments. The evidence in sup- 
port of this view, part of which was adduced 
in 1904,^ may now be examined a little more 
closely. 

In general the mineral composition of the 
prevalent kinds of schist, their regular banding 
where not locally disturbed, and the finely 
fissile character of most of the rock are indica- 
tive of sedimentary origin. That at least a 
part of the formation was originally sediment- 
ary is clearly proved by the presence near 
Mineral Creek, at the western base of the Pinal 
Range, of some layers in which small quartz 
pebbles are still recognizable. Moreover, in 
the vicinity of Ray and west of that town, a 
considerable part of the schist is a gray, fine 
granular, moderately fissile rock presenting 
the unmistakable aspect of a squeezed and 
metamorphosed sandstone, accompanied by 
stiU finer grained varieties that were evidently 
at one time shale. In some places the original 
bedding is plainly apparent. Thin sections 
of this variety, seen under the microscope, 
show rotund but irregular grains of quartz 5 
millimeters in maximum diameter in a ground- 
mass consisting chiefly of quartz and sericite. 
The large quartz grains show the effects of 
granulation with more or less recrystallization 
under pressure. 

Additional evidence from the chemical side 
may be drawn from the data presented in the 
following table: 

i U. 8. Q«ol. Survey Prof. Paper 12^ p. 27, 1903. 



Chemical campoiition of Pinal sdiist and aedimeniary n>db. 
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SiOa 


61.62 
. 5o 

19.98 
3.46 
2,57 


65.58 

.83 

16.47 

4.19 

2.25 

.06 

1.29 


66.84 
.67 

17.46 

4.88 

.74 

.02 

.37 


60.15 

.76 

16.45 

4.04 

2.90 

Trace. 

1.41 

None. 

.04 

2.32 

3.60 

1.01 

Trace. 

.89 

3.82 

.15 

1.46 

.58 

.88 


60 49 


TiO^ 


.78 


Al,Oa 


17.66 


Fe'o,:.. .. 


2.74 


Feo.!.::. ...:::... 


4.61 


MnO 




CaO 


.62 


1.26 


SrO 




BaO 










MffO 


1.24 
6.35 
1.78 
Trace. 
.21 
2.23 


1.29 
4.58 
1.42 


1.14 

4.65 

.53 


2.51 


K,0 


3.31 


Na-O 


1.32 


LijO 




HaOatllO*»C 

HaO above 110*»C.. 
P,0«- 


.22 

2.27. 

.06 


.17 

2.61 

.03 


.31 
3.61 


cSz. .. . 




1.11 


SO, 


**••••• 








Owrbon rnTBaiiir^. . . 






















99.62 


100.51 


100.11 


100.46 


99.66 



1. Pinal schist (Ry 348). Ravine half a mile southwest 
of Vitoria, close to contact with granite p<»rphyTy mass ol 
Granite Mountain, Ray district. R. C. Wells, analyst. 

2. Pinal schist (Ry 332). South slope of Red Hub, 
Ray district. Geora^e Steiger, analyst. 

3. Pinal schist (If 3). l^ump of prospecting shaft 1,500 
feet west of the office of the Warrior mine, pn nordi side 
of Webster Gulch , Miami district. Geor^ Steiger , analyst. 

4. Ck)mposite analysis of 51 Paleozoic shales. H. N. 
Stokes, analyst. U. S. Cieol. Suprey Bull. 419, p. 10, 1910. 

5. Average of 79 slates and phyllites, mostly roo&ig 
slates, compiled by E. S. Bastin. (Chemical composition 
as a criterion in identifying metamorphosed seoiments: 
Jour. Geology, vol. 17, p. 456, 1909.) 

The variety of Pinal schist represented by 
analysis 1 is a fresh bright-gray sparkling rock 
which; owing to its proximity to the granite 
porphyry, is a little more conspicuously 
crystalline than most facies of the schist, and 
contains andalusite but probably has not 
imdergone much change in composition. 

The microscope shows that the constituent 
crystal grains are mostly less than 0.6 milli* 
meter in diameter, although groups of the 
very irregular grains of andalusite have a 
common optical orientation over larger areas 
of the thin section, and this mineral exhibits 
a tendency toward poikilitic development. 
In the order of apparent volumetric abundance 
the component minerals are quartz, sericite^ 
biotite, andalusite, magnetite, chlorite, and 
zircon. The chlorite is probably secondaiy 
after biotite. 

The schist from the Red Hills, represented 
by analysis 2, is a fine-grained gray slaty rock, 
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unaffected by contact metamorphiam and not 
highly crystalline. It is obscurely banded, 
layers of slaty material alternating with layers 
of slightly coarser texture in which are granules 
of quartz visible to the naked eye. The 
microscope shows that the rock was probably 
once a fine impure sandstone or graywacke 
and that the clastic quartz grains have sur- 
vired the recrystellization of the matrix bs 
quartz, sericite, biotite, and magnetite. This 
rock is fairly typical of the schist in the 
northern part of the Ray district. 

The rock from Webster* Gulch (analysis 3) 
contrasts strongly with the Red Hills rock in 
general appearance, though the two are rather 
surprisingly similar in chemical composition. 
It is highly crystalline, and the abundance of 
sericite gives an imusually bright silvery luster 
to the rough, knotty masses into which the 
rock cleaves in consequence of its contorted 
lamination. The sample is thoroughly typical 
of the unmetallized schist of Webster Gulch 
and the northern part of the Inspiration mine. 

With respect to fairly high silica, to an excess 
of over 10 per cent of alumina above the quan- 
tity required to combine with the K^O, MgjO, 
and CaO molecules jn a 1:1 ratio, to a pre- 
ponderance of magnesia over lime, ^ and to a 
like preponderance of potash over soda, the 
analyses of the Pinal schist satisfy the chem- 
ical criteria for sedimentary origin as summa- 
rized by Bastin.^ The close resemblance of 
the composition of the schist to those of shales 
and slates is evident from the composite anal- 
ysis and the average of analyses given in col- 
umns 4 and 6 of the table on page 35. On 
the whole, the schist analyses exhibit even 
more decidedly than those with which they are 
compared the chemical features characteristic 
flls a rule of shaly sediments in comparison with 
igneous rockfi. 

The progressive steps whereby the pre-Cam- 
brian sediments and small associated bodies of 
igneous material were transformed to schists 
are not easily retraceable, nor are the causes 
of the metamorphism entirely clear. The ef- 
fects of the intrusion of the pre-Cambrian 
quartz diorite and granite of the Pinal Range 
are so pronounced near the contacts and de- 
oreiue so gradually outward as to give conaid- 

t Butin, E. S., op. olt., p. 473. 



erable force to the saggastion that the first 
crystalline metamorphism dates from these in- 
trusions. The Pinal schist at Clifton and Bis- 
bee is accompanied by pre-Cambrian gr^tic 
intrusives, as are also the probably equivalent 
Yavapai schist of the Bradahaw Mountains and 
the schist of the Grand Canyon. Without 
further discussion of the question here, expres- 
sion may be given to the opinion that the 
general metamorphism of the Pinal and equiv- 
alent schists in Arizona was probably connected 
directly with the extensive bathoUthic inva- 
sions of granitoid rocks }n pre4])ambrian time. 
The fact that the Madera diorite and other pre- 
Cambrian intrusive masses are themselves in 
places more or less gneissoid shows that meta- 
morphism continued after soUdification ci their 
now visible parts. Moreover, the intrusion of 
the Schultze granite and of the granite por- 
phyries near Ray locally intensified the meta- 
morphism of the Pinal schist. This may be 
well seen on Granite Mountain, southwest of 
Ray, where the schist near the granite por- 
phyry is generally more coarsely crystalline 
than elsewhere and in places carries poikilitic 
crystals of andalusite. Other varieties are con- 
spicuously spotted by the segregation of chlor- 
ite. Other varieties are conspicuously spotted 
by the segregation of chlorite or mica about 
numerous centers of crvstallization. (See PI. 

Yl.) 

The exceptional schist described on pages 

33-34 as occurring west of Ray is different in 

composition from the normal Pinal schist, as 

appears below: 

Chemical analysis of rhyoliU schist three-fourths of a mils 
north of summit of Granite Mourdaxny Bay district. 

[G«orge Steiger, aiial3nt.] 

SiOa 72.87 

TiOa 66 

AljOj 12.89 



FejOa 

FeO 

CaO 

MgO 

Na^O 

KaO 

HjO below 110**. 
HjO above 110^. 

P2O5 

MnO 



2.40 

1.76 

1.90 

.82 

3.01 

3.03 

.26 

.64 

.13 

.07 
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In terms of the norm system of classification 
of igneous rocks the norm represented by the 
foregoing analysis is as follows: 

Salic : 

Quartz 38.76 

Orthodafle 17.79 

Albite 25.16 

Anorthite 9.45 

CJonindum 1.22 



92.37 



Femic: 

HypeiBthene 2.00 

Ilmenite ? 1.22 

Magnetite 3. 48 

6.70 

This corresponds to the snbrang tehamose 
in that syst^, a subdivision that includes 
rocks commonly classified as granites and rhy- 
olites. This variety of schist is therefore a 
metamorphosed rhyolite or quartz latite and 
was probably poured out as a small volcanic 
flow during the deposition of the ancient sedi- 
ments that now form the Pinal schist. 

Although andalusite appears to be confined 
to the immediate vicinity of the intrusive 
rocks, there is in general no definite recogniz- 
able distinction between the metamorphism 
effected at different periods or between the 
local contact modifications and the more 
general metamorphism. 

o&AinnG iNTBirsivx bocks. 

PRINCIPAL VARIETIES AND THEIR DISTRIBUTION. 

On the accompanying general geologic map 
(PI. 11) all the pre-Cambrian granitic rocks are 
shown as a cartographic imit. In the Globe 
folio, however, six distinct intrusives were 
mapped, of which one, the Schultze granite, 
is now believed to be post-Cambrian and two 
others, the Willow Spring granite and the 
Lost Gulch monzonite, are possibly also post- 
Cambrian. Another, the Solitude granite, is 
exposed only over a small area about 5 miles 
southwest of Globe and need not be further 
considered here. This leaves for the pre- 
Cambrian granitoid rocks of the region two 
widespread and important types — quartz-mica 
diorite (Madera diorite) and biotite granite 
(including the Buin granite of the Globe folio). 
The quartz-mica diorite is most abundant in 



the Pinal Range, where it ia intricately in- 
truded into the Pinal schist. The biotite 
granite is exposed as the basal rock ia the 
much-faulted northwest comer of the Globe 
quadrangle and is the principal rock of the 
Tortilla Range from the vicinity of Ray south- 
ward past Kelvin and beyond *the southern 
and western limits of the area here describ^di 

QUARTZ-MICA DIORITE (ifADERA DIORITE). 

The name Madera diorite, from Mount 
Madera, in the Pinal Range, was first applied 
in the Globe report,^ in which the diorite was 
described as generally a gray rock of granite 
texture and habit, consisting essentially of 
plagioclase feldspar (chiefly andesine) with 
quartz and black mica (biotite). Orthoclase 
and microcline occur in some varieties that 
approachgranodiorite in composition; in others 
the occiirrence of hornblende indicates grada- 
tion toward tonalite. A tendency toward 
gneissic foliation was noted in some localities. 

The rock is not altogether uniform in texture 
or composition, and it is probable that were 
the surface scoured dean by glaciation, detailed 
work woijld afford data for the discrimination 
of two or more varieties. But disintegration, 
in part as a result of pre-Cambrian weatheringi 
is deep and general, so that it is impracticable 
to treat the rock mass other than as a unit. 

In the Globe report the f acies exposed along 
the stage road northeast of Pioneer Mountain 
was described as being rather coarser than the 
typical Madera diorite and as consisting of 
plagioclase (Ab^AnJ, quartz, biotite, micro- 
cline, and a little muscovite, with accessory 
titanijbe, apatite, magnetite, and zircon. Bio- 
tite 13 so abundant as to give the rock as a 
whole a rather dark-gray color as compared 
with ordinary granite, and there is a suggestion 
of gneissic foliation in the arrangement of the 
minerals. The specimen appears to be fairly 
representative of the Madera diorite east of 
Pioneer Mountain, along tl\e northern edge 
of the Ray quadrangle. A chemical analysis 
of this rock, taken from the Globe report, is 
given below, together with an analysis of what 
was regarded as the more nearly typical variety 
in the Globe quadrangle. 

I U S. a«ol. Surrey Prof. Taper 12, p. 58, 1908. 
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ChenUoal onafyfei qf quarU'tnica diorite from the Globe 

quadrangle. 

[W. F. HlUebrand, analyst.] 



••fl!bj.l:i' A, 

<'AlaO,>i, . . . : 

f^':.v-::::::: 

MgO 

CaO 

NajO 

K/) 

H,0 below 110<* 
H-O above 110*' C 

TiO, 

ZiO, 

CO, 
P, 



&^; 



8.... 

Oryo, 

NiO. 

MnO. 

BaO. 

SiO.. 

Li,0. 

FeSa- 



68.74 

16.02 

4.16 

3.50 

2.18 

6.12 

3.26 

2.39 

.83 

1.60 

1.29 

.05 

None. 

. 56 

Undet. 

Undet. 
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.22 
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61.99 
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3.28 
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4.62 
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1.99 
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Undet. 
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Undet. 
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a Calculated as FeSi. 

1. Globe-Kelvin stage road, 2 miles south of Pinal Peak 
or 1) miles east-northeast of Pioneer Mountain. 

2. West slope of Pinal Range, 2 miles southwest of 
Mount Madera. 

In the nonn system of classification the rock 
from the Globe-Kelvin stage road CNo. 1) is 
tonalose. 

At no place southeast of the stage road has 
any marked change been detected in the gen- 
eral character of the prevailing rock, yet exami- 
nation of successive exposures in that direction 
shows a notable increase in pink potassium 
fieldspar in the form of phenocrysts. A speci- 
men collected a mile northeast of Old Baldy is a 
slightly foliated porphyritic gneiss containing 
anhedral phenocrysts of potassiimi feldspar 4 
centimeters or less in length in a groundmass 
closely similar to the general mass of the rock 
represented by analysis 1, above. The feld- 
spar phenocrysts as seen in thin section show 
in part the optical character of orthoclase and 
in part that of microcline, there being in this 
rock no sharp distinction possible between the 
two forms. The characteristic microcline twin- 
ning is as a rule not conspicuously developed; 
and) as is well known to petrographers, ortho- 
clase may be regarded as microcline in which 
the twinning lamellae are submicroscopic. 



The relative abunduiee of ^^IbBooaeyBiB and 
groxmdmass varies from place to place, and 
where the porphy^tic crystals are nmnerous the 
composition of the mass as a whole must be 
c(«iJBiderably different from that given in col- 
umn 1 of the table on this page. Such f acies 
should probably be classed as granodiorite or 
quartz monzonite. In the absence of abundant 
fresh material, however, it did not appear that 
decision on the exact place in classification of 
these variable porphyritic varieties was of such 

moment as to warrant chemical analysis. 

# 

OBANrrE (BiorrrE osanite). 

In all ordinary exposiu^s the granite is 
weathered and in various stages of disintegra- 
tion so that collection of fresh material is rarely 
possible. This is especially true in the vicinity 
of the lower Paleozoic sediments, where the 
granite is generally reddened by pre-Cambrian 
oxidation. 

It consists as a rule of large, shapeless pheno- 
crysts of flesh-colored potassium feldspar from 
2 to 5 centimeters in length in a groundmass of 
coarsely crystalline anhedral plagioclase and 
quartz with a moderate proportion of biotite. 
(See PI. XV, A, p. 66.) 

The microscope shows that the phenocrysts 
are, in the main, slightly microper^tic ortho- 
clase, although in parts of each crystal there 
are obscure suggestions of microcUne twinning. 
These crystals are traversed by microscopic 
quartz-filled cracks, and the rock as a whole 
shows evidence of deformation iu the zone of 
fracture. The plagioclase is a sodic variety, 
probably oligoclase, but is too decomposed for 
satisfactory identification. Much of the bio- 
tite is alt^ed to chlorite. 

Owiog to its prevalent decomposition no 
detailed petrographic or chemical study has 
been made of this rock, which, although it is 
accompanied by some finer-grained f acies, is 
fairly representative of the coarse, £nore or less 
reddish porphyritic granites that are character- 
istic of the pre-Cambrian generally in Arizona. 
Its relations to the Madera diorite are not dis- 
coverable in this region. 

The Ruin granite of the northern part of the 
Globe quadrangle, including the mass of Por- 
phyry Mountain, which in the Globe report was 
erroneously classed with the Schultze granite, 
is virtually identical with the granite of the 
Tortilla Mountains. 
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PALEOZOIC ROCKS. 
8TBATIOBAPHIC DIVISIONS AND SBQTTXNGX. 

The names, thicknesses, and succession of the 
Paleozoic rocka that in the Olobe-Ray region 
rest with conspicuous unconformity upon the 
pre-Cambrian crjrstalline complex are graph- 
ically summarized in the accompanying colum- 
nar section (fig. 2, p. 31). 

Although in this region the stratified rocks 
have been elaborately faulted, the fault pat- 
tern being on an extraordinarily minute scale, 
and have been extensively invaded by diabase, 
excellent sections, of the kind illustrated in 
Plate VIII, Af may be studied in the Mescal 
Range and in many of the larger fault blocks of 
the Dripping SpringRange. The total thickness 
of the beds below the base of the Carboniferous 
limestone and above the pre-Cambrian crystal- 
line rocks is about 1,600 feet. The Carbonif- 
erous limestone is at least 1,000 feet thick and 
is limited above by a Mesozoic erosion surface. 
No evidence of ai^gular unconformity has been 
detected within the pre-Mesozoic sedimentary 
series, although the exposures are so good that 
any appreciable angular discordance could 
scarcely escape recognition. 

In the report on the Globe quadrangle and 
in the Globe folio the name ''Apache group" 
was applied to the beds supposed to lie be- 
tween the base of the Devonian limestone and 
the ancient erosion surface on the Pinal schist. 
The Apache group, although mapped as a unit, 
was described in 1903 as being locally divisible 
into four formations, which, from the base up, 
were the Scanlan conglomerate, the Pioneer 
shale, the Barnes conglomerate, and the Drip- 
ping Spring quartzite. In the minutely faulted 
rocks of the Globe quadrangle no complete 
section of the group could be found, and the 
supposed constitution of the whole w«^ arrived 
at by piecing together fragmentary data from 
different fault blocks under the assumption 
that there was in the region but one limestone 
formation (the Devonian and Carboniferous 
''Globe limestone") and but one quartzite for- 
mation (the Dripping Spring quartzite). 

When, however, detailed work in the Ray 
quadrangle was begun in 1910 and better nat- 
ural sections were studied, it soon appeared 
that below the Devonian, as shown in figure 2, 
there are two thick formations of quartzite 
separated by about 250 feet of dolomitic lime- 



stone. The initial assumption m4de in at- 
tempting to construct the Globe stratigraphic 
column was therefore incorrect. The Drip- 
ping Spring quartzite as mapped in the Globe 
report and folio included some of what is now 
named the Troy quartzite, and the "Globe 
limestone" ^ the same publications included 
not only the Carboniferous and Devonian 
limestoneSy^^^which the name was intended to 
apply, but also some fragmentary masses, many 
of them inclusions in diabase, of what is now 
named the Mescal limestone. 

In the present report the name ''Globe lime- 
stone" is abVidonedy as it is now possible to 
map separately the Devonian and Carbonifer- 
ous limestone; but Dripping Spring quartzite 
is retained, with redefinition, as the designation 
of the lower of the two quartzite formations. 

SCANLAN GONQLOMEBATS. 

The Scanlan conglomerate was first de- 
scribed in the Globe report,^ where it was saifl 
to be from 1 to 6 feet thick and to be composed 
of imperfectly rounded pebbles of vein quartz 
with scattered flakes of schist held in a pink 
arkosio matrix. The name was derived from 
Scanlan Pass, in the northwestern part of the 
Globe quadrangle. The conglomerate is ex- 
tremely variable both in constitution and in 
thickness. It is interpreted as having been 
formed, with little transportation, from the 
materials that the waves of an advancing sea 
found lying on a well-wom ancient surface of 
low relief. On that surface areas of schist were 
littered with fragments of white vein quarts, 
and the upper parts of granitic masses were 
deeply disintegrated. Consequently the basal 
conglomerate where it rests on the Pinal schist 
is composed chiefly of imperfectly rounded 
pebbles of quartz in a matrix of small particles 
of schist, grains of quartz, and flakes of mica; 
where it rests on granite or quartz-mica diorite 
the pebbles are likewise mostly quartz, but the 
matrix is arkosio and the layers of pebbles may 
be associated with beds of arkose that in many 
places merge imperceptibly with the imderlying 
massive rock or grade upward into the Pioneer 
shale. These two varieties of the conglomer- 
ate, however, are connected by transition f acies. 

In some localities the base of the Pioneer 
shale may be marked only by a few sparsely 
distributed pebbles or the Scanlan conglomer^ 

» U. S. Oeol, Survey Prof. Paper 12, pp. 30-31, 1903. 
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ate may not be recognizable at all. In other 
places, as between Pioneer Mountain and Old 
Baldy in the Mescal Bange, the conglomerate 
attains a thickness of fully 15 feet and carries 
abundant welt-rounded pebbles, including a 
few of quartzite derived from some ancient for- 
mation not now exposed in this repion. In the 
vicinity of Roosevelt, 35 miles northwest of 
Ray, the conglomerate rests on^pranite, is 30 
feet thick, and contains well-rounded pebbles 
as much as 9 inches in diameter. The same 
conglomerate has been recognized in the Santa 
Catalina Range, about 45 miles south-south- 
east of Ray, where its thickness at one locality 
was estimated at about 12 feet. The original 
distribution of this basal conglomerate over an 
area at least 85 miles from northwest to south- 
east and at least 40 miles wide is weU estab- 
lished. In some places weathered, disinte- 
grated, and recemented granitic detritus, or 
arkose, lies between the conglomerate and the 
pre-Oambrian granite. 

PIOHSEB SHALB. 

Ab a role the Pioneer shale,^ named from 
the now abandoned mining settlement of 
Pioneer, in the northern part of the Ray 
quadrangle^ consbts of dark reddish-brown, 
more or less arenaceous shales composed 
largely of fine arkosic detritus with little 
or no calcareous material. In some beds 
fragments of pink feldspar are easily recogniz- 
able with the unaided eye, and as a rule the 
shales toward their base grade into arkosic 
grits. These arkosic basal beds are well devel- 
oped in the Apache Mountains, just northeast 
of the Globe quadrangle, where they attain a 
thickness of approximately 175 feet. For 75 
feet above the granite these beds are thick, but 
higher up in the formation thinner beds appear 
and these grade upward into the shale. 

Abimdant roimd or elliptical spots of light- 
buflF or greenish color, caused by local reduction 
and removal of the ferruginous pigment, are 
highly characteristic of the formation and serve 
in the abeence of clear structural relations to 
distinguish the Pioneer shale from certain sim- 
ilar beds in the stratigraphically higher Drip- 
ping Spring quartzite. Surfaces of fresh frac- 
ture generally sparkle with minute flakes of 
white mica. 

» U. S. G«ol. Survey Prof. Paper 12, p. 31, 1903. 



Although the Pioneer shale is a soft forma- 
tion in comparison with the conglomerates and 
quartzites and weathers' into smooth slopes it 
is nevertheless a well-indurated, firm, and in 
places not very fissile rock. The general color 
of the formation as seen on the hill slopes is dark 
red, maroon, chocolate-brown, or dull purplish 

In the Globe report the average thickness 
of the Pioneer shale was given as 200 feet, 
which is about the thickness in the typical 
section at Pioneer, in the northeastern part of 
the Ray quadrangle. In the ravine west of 
Hackbcaiy Spring, in the southwestern part of 
the Ray quadrangle, the shale is 100 feet thick. 
In the canyon of Salt River, below the Roose- 
velt Dam, the formation, which here in its lower 
part consists of alternating beds of sandstone 
and shale, has an estimated thickness of 250 
feet. The average thickness for the region is 
estimated to be about 150 feet. 

The Pioneer shale so far as known is not f os- 
siliferous and presents no characteristics that 
mark it iadubitably as marine or fluviatile in 
origin. It is beUeved to be marine and to have 
been deposited in shallow water. No mud 
cracks have been observed in it. 

BABNES CONGLOIOEBATE. 

The Barnes conglomerate, a characteristic, 
persistent, and readily recognized formation, 
lies stratigraphically above the Pioneer shale 
and below the Dripping Spring quartzite. The 
formation was first described in the Globe 
report ^ and took its name from Barnes Peak, 
in the northwestern part of the Globe quad- 
rangle, where it ranges from 10 to 15 feet in 
thickness. 

There is no apparent unconformity either 
above or^below the conglomerate, although the 
abrupt change from a fine shale to a deposit 
of coarse pebbles is indicative of such extensive 
modification of the conditions of erosion and 
sedimentation imder which the shales accumu- 
lated as would seem to demand notable con- 
temporaneoiis unconformity somewhere within 
the region of deposition. The surface of con- 
tact between the shale and the conglomerate 
is wavy and irregular, but the adjacent shale 
layers conform to the imevenness of the con- 
tact, as if they had settled imder load. 
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In its typical development, as near Pioneer 
Mountain or on Silver and El Capitan creeks, 
in the Ray quadrangle, the Barnes conglom- 
erate consists of smooth pebbles of white 
quartz and of hard vitreous quartzite in an 
arkosic matrix. ' The pebbles are generally not 
over 6 inches in diameter; but in a few places 
there are some tha^ reach 8 inches. Although 
well roimded, the pebbles are not rotund but 
are flattened ellipsoids or roimd-edged disks. 
They are composed only of the most durable 
materialsi and doubtless passed through long 
and varied processes of attrition before they 
came to rest in the Barnes conglomerate. 

In some localities the pebbles, which gen- 
erally lie with their flat sides roughly parallel 
with the bedding planes, are in contact and the 
proportion of arkosic matrix is correspond- 
ingly small; in other places the matrix pre- 
dominates. As a rule in the Ray quadrangle 
the pebbles are seen to become larger and 
more abundant as the conglomerate is followed 
southward, although the gradation is probably 
not wholly regular. Thus at Barnes Peak the 
average diameter of the pebbles is 3 or 4 inches ^ 
and the thickness of the formation 10 to 15 feet. 
In the vicinity of El Capitan Mountain pebbles 
6 inches in diameter are abimdant; the average 
size is probably a little larger than at Barnes 
Peak, and the thickness of the formation is 
from 15 to 20 feet, but no rocks capable of 
supplying the pebbles are known in that direc- 
tion, although of course exposures of pre- 
Cambrian quartzitic rocks may have existed 
in Cambrian time south of the Ray area. 

At the north end of the Drippiog Spring 
Range the conglomerate is rather variable. 
A small exposure about 1| miles north of 
Walnut Spring shows thin bands of pebbles 
associated with pinkish arkose and gray shale. 
The pebbles, which are chiefly white quartz and 
not very well rounded, rarely exceed 2 inches 
in diameter and none were seen over 3 inches. 
About 2 miles northwest of Walnut Spring the 
whole formation is from 10 to 12 feet thick, 
but the arkosic matrix is much more ab\mdant 
than the pebbles, which although not uni- 
formly distributed are as a rule most numerous 
near the base. The lower part of the bed thus 
presents in some places the aspect of the typical 
Barnes conglomerate, whereas the upper part is 

» U. 8. Geol. Survey Prof. Paper 12, p. 31, IflOS. 



distinguishable from the overljdng quartzite 
only by containing few small and scattered 
pebbles. 

Northeast of Tarn o' Shanter Peak, on the 
other hand, the conglomerate is about 40 feet 
thick and consists chiefly of very smooth 
rounded pebbles which ore generally in contact 
with one another, there being just enough 
matrix to fill the interstices. Some pebbles 
are as much as 10 inches in diameter, but nK)st 
are under 6 inches. In the Tortilla Range, 
south of Kelvin, the conglomerate is about 
55 feet thick and carries abundant characteristic 
pebbles as much as 8 inches in diameter. 

The arkosic matrix of the conglomerate is 
generally similar to the material of the over- 
lying Dripping Spring quartzite, although 
perhaps a little coarser. It varies in hard- 
ness, but as a rule all constituents of the 
conglomerate are cemented by silica into a 
hard and durable rock in which fractures 
traverse pebbles and matrix alike. A very 
characteristic feature of the Barnes conglom- 
erate throughout the region described is the 
presence in the matrix of Small fragments of 
vermilion-red chert or jasper an inch or so 
in maximum diameter. The only rocks known 
that might have furmshed these red fragments 
are certain hematitic jaspers associated with 
schist in the northern part of the Mazatzal 
Range, about 70 miles north-northwest of 
Ray. 

A view of the upper part of the Barnes con- 
glomerate as exposed on El Capitan Creek, in 
the northeastern part of the Ray quadrangle, 
is shown in Plate VIII, JB. 

This conglomerate is very constant in char- 
acter and has a wide distribution. It has been 
identified in the Sierra Ancha, to the north, 
and in the Santa Catalina Range, to the south, 
two localities about 80 miles apart. 

DBIPPUfa SPBINO QTTABTZITS. 

The Dripping Spring quartzite lies con- 
formably above the Barnes conglomerate and 
imder the Mescal limestone.^ Approximately 
the lower third of the formation consists of 
hard fine-grained arkosic quartzites which, as 
seen in natural sections, show no very definite 
division into distinct beds but exhibit a pro- 
nounced striping, due to the alternation of 

> This, as explained on page 39, Is a redeflnltlon of Dripping Spring 
quartzite as the name was originally used In the Qlobe quadrangle. 
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dull-red and dark-gray or nearly black bands 
parallel with the planes of stratification. 
These bands as a rule are less than 1 foot wide 
and give a generally thin-bedded aspect to this 
portion of the formation, as may be seen from 
Plate IX, A, although the illustration faUs to 
show the contrasting tints of the bands. About 
midway between the top and bottom of the 
formation the striped beds are succeeded by 
fairly massive beds, as much as 6 feet thick, of 
even-grained buff or pinkish quartzite asso- 
ciated with flaggy variegated red, brown, and 
gray beds and with some layers of gray and 
reddish shales suggestive of the Pioneer shale. 
In the upper part of the formation the beds 
become l>hin, flaggy, and rusty and show a 
tendency to grade into the Mescal limestone. 

The Dripping Spring quartzite was deposited 
in shallow water, and the sand was at times 
exposed to the air, as may be seen from the 
ripple marks, sun cracks, and fossil worm casts 
visible on the surface of the beds. It is, how- 
ever, composed throughout of fine material and 
contidns no pebbles so far as known. This 
feature and the banding of its lower beds serve 
to distinguish this quartzite from the pebbly 
cross-bedded Troy quartzite, described on 
pages 44-45. 

Where almost vertically upturned in the 
Tortilla Range the Dripping Spring quartzite 
is apparently about 600 feet thick, but the 
presence of intrusive diabase detracts a little 
from the reliability of this measurement, as 
movements during the intrusion may have 
increased the apparent thickness. Southwest 
of Pioneer Mountain, where apparently the 
whole of the quartzite is exposed without 
noticeable faulting, the thickness, obtaitied by 
calculation from the width of the outcrop as 
mapped, the average dip of the beds, and the 
general angle of topographic slope, is between 
450 and 500 feet. At Barnes Peak, in the 
Globe quadrangle, the thickness was estimated 
at 400 feet.* The average thickness for the 
Ray quadrangle is taken at 450 feet, which is 
probably under rather than above the truth. 
The formation in most localities in the Ray- 
Miami region is closely associated with intru- 
sive masses of diabase, usually in the form of 
sheets. Some of the characteristics of the 
quartzite are probably due to the effect of the 
diabase intrusions. 

» U. 8. Geol. Survey Prof. PAper 12, p. 31, 1903. 



XSSCAL LOfSSTOmB. 

The Mescal limestone was first recognized as 
a distinct formation in the course of mapping 
the Ray quadrangle. It is named from the 
Mescal Mountains, where it is well exposed. 
Stratigraphically it is limited below by the 
Dripping Spring quartzite and above by the 
Troy quartzite. Some fragments of this for- 
mation, most of them intimately associated 
with intrusive diabase, occur in tlie Globe 
quadrangle, but when the report on that area 
was prepared these masses of strata were sup- 
posed to be somewhat metamorphosed por- 
tions of the thin Devonian beds in the lower 
part of the ''Globe limestone." 

In the Ray quadrangle also the Mescal lime- 
stone and the diabase are closely associated. 
Lying between the two heavy quartzitic for- . 
mations, the thin-bedded dolomitic limestone 
proved an easy path for the invading diabase 
magma and retains little of its former con- 
tinuity. In the development of the topography 
the diabase tends to wear down into swales 
and hollows, and an extended view over one of 
these depressions shows the generally olive- 
tinted surface characteristic of diabase areas 
varied by blotches of white. (See PI. IX, JB.) 
These light patches represent included blocks 
of the Mescal limestone, some of which are 
nearly a quarter of a square mile in area. 
Other portions of the formation rest in their 
original position on the Dripping Spring quartz- 
ite, with the diabase in igneous contact above 
them. Still others crop out along the bases of 
cliffs formed by the Troy quartzite and have 
the intruded diabase below them. Rarely the 
limestone lies unbroken between the two 
quartzites. 

The Mescal limestone is composed of thin 
beds that have a varied range of color but are 
persistently cherty. The siliceous segrega- 
tions as a rule form irregular layers parcdlcl 
with the bedding planes, and on weathered 
surfaces these layers stand out in relief and 
give to the limestone the rough, gnarled band- 
ing that is its most characteristic feature. 
The usual appearance of the Mescal on out- 
cropping edges is shown in Plate X, A. The 
general hue of the formation is gray or white, 
but some beds are yellow, buff, brown, or 
rusty. In some localities the rough, gnarled 
strata are accompanied by others in ysrhjch aVo 
thin, regular buff and gray layers whose differ- 
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ences in chemical composition in conjunction 
with the dissolving action of atmospheric 
water give rise to such natural ornamentation 
as is illustrated in Plate XI. 

Between the limestone and the overlying 
quartzite is a layer of decomposed vesicular 
basalt whose maximum observed thickness is 
from 75 to 100 feet. Although the basalt is 
in places much thinner than this, the flow was 
apparently coextensive with the Mescal lime- 
stone throughout the Ray and Globe quad- 
rangles, over an area of at least 500 miles. 
Where the basalt is in contact with the later 
intrusive diabase it is difficult to distinguish 
between the two rocks in the absence of good 
exposures, and in the earlier work in the Globe 
quadrangle the altered vesicular basalt was 
supposed to be merely a contact modification 
of the diabase. ^ 

A section of the Jkfescal limestone with the 
overlying basalt flow as exposed on the east 
side of El Oapitan Canyon is as follows: 

Section of (he Mescal Hmeatone in El Cajritan Canifon, 

[Thicknesses approximate.) 

Base of Troy quartzite. Feet. 

. Vesicular faitsalt 75 

4. Striped buff and gray dolomitic limestone, 
weathering in sharp channels and ridges, as 
illustrated in Plate XI 15 

3. Very rough cherty dolomitic limestone with no 
distinct division into beds; weathers with 
gnarly dark rusty-brown surface 30 

2. Gnarled, knotty cherty limestone, mostly dolo- 
mitic, in beds as much as 2 feet thick; some 
beds light gray and some dark brown; shaly 
partings 125 

1. Thin impure shaly limestone with perhaps some 
dolomite; splits into thin leaves; mostly light 

gray 50 

Top of Dripping Spring quartzite. 

295 

A partial chemical analysis of a sample from 
division 2 of the foregoing section is as follows: 

Partial chemical analysis of Mescal limestone. 

\R. C. Wells, analyst.) 

SiOj 29.93 

AljOa .42 

. CaO 21.90 

MgO 14.90 

This rock weathers brown but is nearly 
white on fresh fracture. The molecular ratio 
of lime and magnesia is nearly that of dolomite, 



but as the beds are not all of the same charac- 
ter the foregoing analysis does not represent 
accurately the composition of the whole for- 
mation. 

In the narrow gorge just west of Hackberry 
Spring, in the southwestern part of the Ray 
quadrangle, the Mescal limestone stands almost 
vertical and has a thickness of 225 feet. In 
the section just given the total thickness is 
recorded as 220 feet, exclusive of the vesicular 
basalt. This, however, is an estimate based 
on barometric readings corrected for a dip of 
about 25^. The average thickness of the 
formation as mapped in the Kay quadrangle 
and including the basalt flow may be taken 
as about 250 feet. 

The Mescal limestone has been recognized 
in the Sierra Ancha and in the Santa Catalina 
Kange. It is in part lithologically identical 
with and is probably the stratigraphic equiv- 
alent of the Abrigo limestone of Bisbee and 
Tombstone, which contains Middle Cambrian 
fossils. This correlation, however, is not re- 
garded as sufficiently well established to justify 
definite application of the name Abrigo in the 
Rav area. 

BASALT. 

Throughout the Ray-Globe region where the 
Mescal limestone and Troy quartzite are ex- 
posed in their original relative positions the 
two formations are separated by a layer of 
dark decomposed or altered vesicular rock of 
varying thickness, at most about 100 feet. 
This is an ancient basaltic flow. 

The rock in weathered exposure is generally 
dark rusty brown to nearly black and contains 
abundant small vesicles which, as a rule, are 
flattened parallel with the top and bottom of 
the flow. Freshly broken material is dark 
reddish brown and shows that the vesicles are 
for the most part filled with epidote and calcite. 
At one locality on Pioneer Creek, about 2 miles 
south of Pioneer, the basalt has been partly 
altered to epidote, garnet, and specularite, 
apparently through the metamorphic action 
of a diorite porphyry dike. 

Under the microscope the basalt is seen to 
retain much of its primary texture, but the 
original minerals h^ve been almost entirely 
altered to aggregates of calcite, epidote, quartz, 
serpentine, and iron oxide. It was probably 
a rather coarsely crystalline olivinic basalt. 
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The Troy quartzite lies conformably above 
the Mescal limestone and below the Martin 
limestone. Before the detailed mapping of 
the Ray quadrangle this quartzite had not 
been recognized as a formation distinct from 
the lower or Dripping Spring quartzite, for in 
the Globe quadrangle there are no sections 
that show the two quartzites separated by the 
intervening Mescal limestone, and such brief 
papers on the geology of the Ray quadrangle 
as have appeared sin<^e the Globe report was 
published have dealt only with the immediate 
surroundings of the copper deposits at Ray, 
where the stratigraphic relations of the sedi- 
mentary rocks are less clearly displayed than 
elswehere in the quadrangle. The name of the 
formation is derived from Troy Mountam, in 
the Dripping Spring Range. 

The Troy quartzite is one of the most 
prominent and widely exposed formations in 
the region, especially in the Ray quadrangle, 
where it forms the bold crest of El Capitan, in 
the Mescal Range, and the summits of Scott 
and Troy mountains, in the Dripping Spring 
Range. The beds differ greatly in thickness, 
ranging from thin flaggy or shaly layers to 
cross-bedded pebbly beds from 25 to 60 feet 
thick. On the whole the thicker beds are 
characteristic of the lower and middle parts 
of the formation. The upper part is invariably 
composed of thin, generally yellowish or rusty 
worm-marked shaly quartzite, indicative of a 
change in sedimentation that preceded the 
deposition of the Devonian limestone. The 
most characteristic material of these upper 
beds consists of layers of fine-grained imevenly 
colored brown, pink, and green quartzite, an 
inch or two thick, separated by films of olive- 
gray shale whose cleavage surfaces are ridged 
and knotted with numerous worm casts. The 
quartzite layers appear almost dolomitic in 
color and texture, but the microscope shows 
them to consist chiefly of closely fitting quartz 
grains with specks of flocculent limonite and 
little nests of a green chlorite mica. The most 
noteworthy features of the thicker beds are their 
generally pebbly character, which is a useful 
means of distinguishing isolated exposures of 
the Troy quartzite from the pebble-free Drip- 
ping Spring quartzite, and their conspicuous 
cross-bedding. Both of these characteristics 
are illustrated in Plate XII, A. The Dripping 



Spring quartzite is nearly all arkosic, but the 
Troy quartzite shows little or no feldspar. 

A section of the Tri)y quartzite as exposed iji 
nearly horizontal attitude 1^ miles southeast of 
Tam o' Shariter Peak, in the Dripping Spring 
Range, though not quite complete, is as f oUcvrs : 

Stidiion of Troy quartzite in Dripping Spring Range. 



[Thicknesses approximate.] 

Yellowish, rusty thin-bedded quartzites with 
olive-gray shale partings roughened by worm 
casts 

Fine-grained quart^te with very regular lamina- 
tions from 2 to 6 inches thick 

Rather thin beds of white fine-pebble quartzite 

A single bed of massive, cross-bedded fine-pebble, 
white quartzite, with layers of small quartz peb- 
bles every few feet; forms a cliff 

Sheet of porphyry, 25 feet. Partly concealed, appar- 
ently rather thin-bedded gray pebbly quartzite. . 

Two beds of cross-bedded coarse quartzite or grit 
with scattered pebbles of white quartz 6 inches 
or less in diameter; forms a scarp 

Conspicuously cross-bedded gray quartzite with 
many layers of small quartz pebbles; no distinct 
separation! into beds, but obscure laminations 
average about 1 foot thick; forms a stepped slope; 
microscope shows typical quartzite texture with 
enlarged interlocking quartz grains. 

Conglomerate with fairly well-rounded pebbles, 
mostly of white quartz, as much as 4 inches in 
diameter, in an abundant cross-bedded matrix 
of coarse quartzite 

Soil-covered slope apparently underlain by a yellow- 
ish shale or fine-grained qtiartzite 

Cross-bedded pebbly quartzite in beds 4 to 10 feet 
thick; pebbles quartz, rarely over 2 inches in di- 
ameter, in places scattered and in places concen- 
trated in irregular lenticular layers; weathers gray 
or rusty; forms a stepped slope 

Bed of irregularly banded gray quartzitic breccia 
grading up into cross-bedded coarse grit or con- 
glomerate with quartz pebbles; breccia in lower 
part of bed contains angular fragments of white 
quartz, the largest 6 inches in diameter; forms a 
cHff., 

Vesicular basalt at top of Mescal dolomite. 



Feet. 
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Although much of the Troy quartzite is light 
gray or white on fresh fracture the weathered 
exposures are generally buff, brown, rusty, or 
maroon. In" the canyon northwest of Tam 
o' Shanter Peak, where the quartzite is jGnelj 
exposed, the general tint is reddish brown, but 
the different parts of the formation vary in 
color from white or pale buff to dull dark red. 

Determination of the exact thickness of the 
Troy quartzite is difficult, owing to the fact 
that few of the many fault blocks show a full 
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section of the formation or give opportunity 
for detailed measurements. The section re* 
corded on page 44 gives a total thickness of 
about 362^ feet but probably does not include 
quite all the upper beds. In the goi^e west 
of Hackberry Spring a measurement across 
the edges of the nearly vertical beds gave 300 
feety but here also there are beds missing from 
the top of the formation. A little less than 2 
miles northwest of Tam o' Shanter Peak the 
formatioui here nearly horizontal, is exposed in 
full section between the Mescal dolomite and 
the Devonian limestone. The mapping indi- 
cates a thickness at this place of a little more 
than 350 feet. On Troy and Scott moxmtains 
the quartzite as mapped appears to be unduly 
thick, the distribution on Scott Moimtain 
calling for a thickness of about 1,000 feet. 
This is clearly in excess of any possible real 
increase in the formation and probably is to be 
accounted for by faulting or flexing that is not 
distinctly shown at the surface. From all avail- 
able information the average thickness of the 
formation is estimated to be about 400 feet. 
In the Ray and Globe quadrangles the name 
quartzite is generally applicable to this forma- 
tion, but farther north, near Roosevelt and 
in the Sierra Ancha, the rock is essentially a 
sandstone. 

A rather striking effect of weathering in the 
Troy quartzite is shown in Plate XIV, A. 
The coloring matter of the concentric rings is 
iron oxide, and the pattern was apparently 
produced by rhythmic alternations of solution 
and precipitation of the iron along joints in 
the quartzite. 

MABTZN UUXSTOn. 

The Martin limestone occupies conformably 
the stratigraphic interval between the underlying 
quartzite and the overlying Tornado limestone, 
and with the possible exception of some of its 
unfossiliferous lower beds is of Devonian age. 
The name was originally appUed to the Devo- 
nian limestone of the Bisbee district,^ with 
which the formation here described is corre- 
lated. The beds now separated as the Martin 
limestone were in the Globe report and foUo 
mapped with the overlying Carboniferous 
under the name ''Globe limestone." 

As a whole the Martin limestone is com- 
paratively thin-bedded and weathers into 



I, F. I*., Oeology and ore deposits of the Bisbee qnndrnngle, 
ArU.: U. 8. Geol. Survey Prof. Paper 21, p. 33, 11KM. 



slopes, broken here and there by a low 6carp 
that marks the outcrop of some bed a little 
harder or thicker than the rest. 

Typical natural sections of the formation 
are reproduced in Plates VIII, A, and XII, B. 
Distant views of such slopes show that the for- 
mation is divisible on the basis of color into two 
nearly equal parts. The prevailing hue of 
the lower division is light yellowish gray; the 
upper division, which is less tmif orm in tint, 
displays alternations of deeper yellow and 
darker gray. Detailed examination proves 
the lower division to consist mainly of very 
compact, hard gray limestone in beds rarely 
more than 2 feet thick and, at the base, a bed 
of impure yellow limestone containing abun- 
dant grains of quartz. This lowest bed, 
which in places is cross-bedded and contains 
so much detrital material that it might be 
classed as a calcareous grit, weathers to a rough 
sandy surface, but the overlying gray beds 
are characterized by solution surfaces that 
although uneven in general are smooth in 
detail. A characteristic feature of these com- 
pact lower limestones is the presence of Uttle 
spherical, oval, or irregular concretions of 
dark chert, which as a rule are about the size 
of peas. No identifiable fossils have been 
found in this lower division of the Martin Ume- 
stone, although it contains traces of organic 
life. 

About midway in the section is a bed about 
15 feet thick of rusty-yellow impure sandy 
Umestone with flaggy lamination. Above this 
are dark-gray and yellowish limestones in beds 
of different thicknesses, with shaly partings. 
These strata are generally f ossilif erous, some of 
the shaly partings particularly being crowded 
with Atrypa reticularis and other small Devo- 
nian brachiopods. Some very dark beds in 
this upper division of the formation are 
marked with an obscure mottling, suggestive 
of the former presence of some of the corals, 
which are abimdant in certain beds of the 
Martin limestone at Bisbee, but which in the 
Ray-Globe region have been less perfectly 
preserved. The top bed of the Devonian is a 
yellow calcareous shale that breaks up on 
exposure into minute thin flakes and conse- 
quently has no prominent outcrops. The 
yellow color is characteristic of all natural 
exposures, although before weathering the 
shale is gray. Being overlain by the massive 
cliff-making Carboniferous Umestone, the bed 
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of shale is in many places ccmcealed by talus, 
and its thi^.ToieRH was not exactly determined. 
It may be from 15 to 20 feet thick, but its base 
is not very clearly defined, for layers of similar 
shale occur between some of the limestone beds 
in the upper part of the formation. 

The Devonian limestone is generally magne- 
sian and does not effervesce freely in cold dilute 
acid. A partial chemical analysis of a typical 
specimen from the lower division of the forma- 
tion is as follows: . 

Partial chemical arudyM of Martin lijnatone, 

[R. C. W^, analyst.) 
SiO, 3.U 

AljOa 33 

FejO,l 

FeO f 

CaO 3L65 

MgO 18.65 

Measurements and estimates of the thickness 
of the Martin limestone in different parts of the 
region range from 300 to 350 feet. The average 
thickness is considered to be 325 feet. 

In contrast with the older formations, which 
have 3rielded no determinable organic remains, 
the Martin Ipnestone contains fossils at many 
horipns in the upper division, from the top 
of the rusty bed at its base to the lower 
layers of the yellow shale. In all 18 lots of 
fossils were collected and were referred to 
E. M. Kindle, then of the United States 
(Geological Survey, who lists the following 
species: 

Zaphrentis sp. undet. 
Productella hallana. 
Stropheodonta arcuata. 
Stropheodonta demiflsa. 
Stropheodonta varifltriata. 
Stropheodonta sp. 
Leptoetrophia cf. L. interBtrialis. 
Strophonella ef. S. ampla. 
Schuchertella chemungenfiiB. 
Schizophoria striatula. 
Atrypa reticularis. 
Atrypa hystrix occidentaliB. ^ 
Atrypa epinosa. 
Camarotoechia 6p. 
Pugnaz pugnufl. 
Spirifer orestes. 
Spirifer hungerfordi. 
Cyrtia cyrtiniformis. 
SchizoduB ep. 
ParacyclaB cf. P. elliptica. 
Euomphalufl cyclostomus? 
Euomphalufl sp. 
Bellerophon sp. undet. 

Dr. Kindle remarks with reference to this 
fauna: 



On the ground of its cloee relationahip to an Upper 
Devonian fauna of Iowa and its stratigraphic relations to the 
Carboniferous fauna of the Arizona section, I would place 
the &una of the Martin limestone and its equivalent, the 
Devonian fiauna of the Ray quadrangle, in the Upper 
Devonian. It is of course possible that the time range of 
this ftiuna in Arizona may include Middle as well as 
Upper Devonian, but that it includes the Upper Devonian 
in any event seems well established by the available 
evidence. 

As the Devonian portion of the * 'Globe 
limestone" in the Globe quadrangle is con- 
tinuous and identical with what is now dis- 
tinguished as the Martin limestone, fossils 
collected from it should be included in the 
Martin fauna. For convenience, therefore, the 
list of determinations made by H. S. Williams * 
on the older collections, with slight changes by 
Dr. Kindle to bring it into accord with present 
nomenclature, is given below: 

Cf. sponge. 

Cf. Rhodocrinus, crinoid stemo^and plates. 

Atrypa reticularis linn^. 

Productella hallana Walcott. 

Stropheodonta calvini Miller. 

Cyrtia cyrdniformis (Hall and Whitfield). 

Spirifer hungerfordi Hall. 

Spirifer orestes Hall and Whitfield. 

Spirifer whitneyi Hall. 

Redcularia fimbriata (Conrad). 

Cyrtina hamiltonensis Hall. 

Martinia subumbona (Hall); cf. Spirifer infima 

Whidbome. 
Pugnax pugnus (Martin). 
Schuchertella chemungensis (Conrad) var. 
Dielasma cf . D. calvini (Hall and Whitfield). 

Devonian rocks, presumably the Martin 
limestone, have been foimd by C. F. Tolman, 
jr.,' in the Santa Catalina Range. The pres- 
ence of the Martin limestone in the Roosevelt 
section also has been fully established by the 
finding, in 1914,^ of sufficient fossils to confirm a 
lithologic and indecisive paleontologic identifi- 
cation made a year earlier. A list of the fossils 
from Roosevelt, as determined by Edwin Kirk, 
is as follows: 

Spirifer whitneyi var. animasensifl (Qirty ) . 

Camarotoechia contracta Hall? 

Camarotoechia sp. 

Schuchertella sp. 

Modiomorpha ep. 

Atrypa spinosa Hall. 

Schizophoria striatula var. australis Kindle. 

Cladopora sp. 

Mr. Kirk remarks that this f aima can be cor- 
related with that of the Martin limestone of 

1 RaaaooM, F. L., U. S. QtaL Survey Pnf. Piper 12, pp. 40-43; 190B. 
* UnpubUshed maimeript of Tuonn foUo. ' 
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Bisbee and that of the lower or Dev^onian part 
of the Ouray limestone of Colorado. He states 
that there can be no doubt as to the Devonian 
age of the material. 

TOBNADO UMXSTONX. 

The Tornado limestone, named from Tornado 
Peak, in the southeastern part of the Ray 
quadrangle, where it is extensively exposed, 
overUeslnth apparent conformity the uZth. 
limestone and is equivalent to the Carbonifer- 
ous portion of the '^ Globe limestone" as origi- 
nally mapped in the Globe quadrangle. Its 
local upper limit is a surface of erosion upon 
which in general rests the Quaternary Gila con- 
glomerate, although in the southeastern part of 
the Ray quadrangle there is an intervening an- 
desitic formation, probably of Mesozoic age. 

The Tornado limestone is generally light 
lead^y in color and is divisible withL^t 
to thicfaiess and character of bedding into at 
least three members. 

The basal division, directly overlying the 
Devonian, is about 75 feet thick and forms the 
lower part of the scarp that is so prevalent a 
feature of the Carboniferous outcrops in central 
and southern Arizona. Under the action of 
erosion this division behaves as a single massive 
bed, but in reality it is made up of alternating 
dark and light gray layers, a foot or two thick, 
which in cliff faces give it a banded appear- 
ance, as may be seen in Plate XII, B. This 
banded division, with a few transitional beds at 
its top, is succeeded by a very massive member, 
fully 100 feet thick, within which, as exposed in 
cliff faces, there is as a rule little more than a 
suggestion of divisional bedding planes. Tlus 
massive member, as may be seen from Plate 
XII, B, is of lighter and more imiform tint 
than the basal member. The two together con- 
stitute the principal cliff-forming part of the 
Carboniferous limestone. The third division 
consistls of beds generally thinner than those in 
the other two divisions but not separable from 
them by any marked lithologic distinction. 

Thin layers of calcareous shale separate some 
of the beds, but these are a very subordinate 
part of the formation. 

The Tornado limestone consists essentially of 
calciimi carbonate and effervesces freely in 
dilute acid. A partial analysis of a typical 
sample is as follows: 



Partial chennodl analyM of Tornado limutone. 

[W. T. SduOler, analyst.) 

SiOa L36 

AlaO, « 22 

CaO 54.91 

MgO 21 

Although nearly all the Carboniferous lime- 
stone contains fossil remains, there are few 
localities where full and satisfactory collections 
can be made. The beds of the two lower divi- 
sions carry abundant fragments of crinoid 
stems and less numerous rugose corals, with 
long-winged spirif ers and Rhipidomdla. These 
appear in silicified form on weathered surfaces 
of the rock, but they can not readily be sepa- 
rated from their matrix. In the upper division 
appear different species of Productus and 
Spirif eTf Derhya crassa, Composita auhtilUa, and 
FasuliTia. 

Of seven collections made at as many differ- 
ent localities in the ^ Kay quadrangley four, 
according to George H. Girty, of the Geological 
Sturrey^ consist of Mississippian forms and 
three of Pennsylvanian forms. His deter* 
minations of these fossils are as follows: 

Mi$8is3%ppian fauna, 

Syringopora aculeata Girty? 

Menophyllum sp. 

Amplexiu? sp. 

Rhipidomella aff. R. oweni Hall and Clarke.' 

Rhipidomella dubia Hall? 

Leptaena analoga Fhillipe. 

Schuchertella inflata White and Whitfield? 

Chonetes sp. 

Avonia arcuata Hall? 

Camarotoechia metallica White. 

Dielasma burlingtonense White. 

Spirifer centronatus Winchell. 

BrachythyriB peculiazis Shumard. 

Spiriferina solidiroetria White. 

Syringothyiis sp. 

Composita humilis Girty? 

Cliothyiidina sp. 

Pennsylvanian fauna, 

Fusulinasp. 

Derbya crassa Meek and Hayden. 
Productus semireticulatuB Martin. 
Productus cora D'Orbigny. 
Pustula seipipunctata Stevens. 
Spirifer cameratus Morton. 
Spirifer boonensis Swallow? 
Composita subtilita Hall. 
Myalina subquadrata Shumard. 
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According to Mr. Oirty the older of these two 
fatinas is early Mississippian, and the other is 
early Pennsylranian. He notes that the con- 
ditions exhibited in the Ray quadrangle are 
apparently similar to those at Bisbee, where a 
limestone of probable early Pennsylvanian age 
(the Naco) rests directly on a limestone of 
early Mississippian age (the Escabrosa). The 
Mississippian in the Ray quadrangle therefore 
corresponds to the Escabrosa limestone at 
BisbeC; and the Pennsylvanian limestone near 
Ray to the lower part of the Naco limestone. 

In the Bisbee quadrangle the distinction 
between the Mississippian and Pennsylvanian 
limestones proved practicable, although the 
plane of demarcation is not definite. In the 
Ray quadrangle a similar distinction might 
possibly be made, but no satisfactory basis for 
it appeared in the .course of the field work, and 
it is doubtful whether its accomplishment 
would be worth the additional labor involved 
The cliff-making lower 'members of the Tor- 
nado limestone are certainly Mississippian, and 
probably a considerable part of the upper 
member also belongs to that epoch. 

The original thickness of the Tornado lime- 
stone is unknown, for the formation was ex- 
tensively eroded before the eruption of the 
andesitic lavas and before the deposition of the 
Gila conglomerate. In the vicinity of Tornado 
Peak and along the east flank of the Tortilla 
Range the limestone at present must be fully 
1 ,000 feet thick, and it may at one time greatly 
have exceeded this thickness. 

COHBinONS OF DSPOSXnON. 

The Tornado limestone and the Martin 
limestone, as shown by their fossils, are un- 
questionably marine. Ten or fifteen years 
ago most geologists would probably have had 
no hesitation in classing the sediments of the 
Apache group also as marine deposits, although 
no marine fossils have been found in them. 
They were so considered in the Globe profes- 
sional paper, written in 1902, and in the Globe 
folio, prepared about the same time. Modem 
studies, however, particularly those of Bar- 
rell,^ have shown the necessity of taking into 

I Barrell, Jowph, Relatiye sMiogical important of continental, litto- 
ral, and marina sedimflotation: Joor. Geology, yd. U, pp. 31&-356, 430- 
467, fi24-M8, 190Q; Criteria for tbe recognition of ancient delU deposits: 
Oeol. Soc. America Bull., vol. 23, pp. 377-440, 1912. 



account continental and, especially, fluviatile 
deposition. 

That the beds of the Apache group were 
laid down in water there can be no question. 
They have none of the characteristics of eolian 
deposits. The evidence as to marine or fluvi- 
atile deposition, however, is less conclusive. 

The Scanlan conglomerate, with its pebbles 
of local origin, appears to be most reasonably 
accounted for as a basal marine conglomerate, 
although this interpretation has little definite 
evidence in its favor. The succeeding Pioneer 
shale gives no clear indication whether it is of 
marine, lacustrine, or fluviatile origin. It con- 
tains no fossil remains or mud cracks, so far 
as known. The most puzzling feature of the 
succeeding Barnes conglomerate is its relation 
to the Pioneer shale. A coarse conglomerate 
with well-rounded pebbles, indicative of vig- 
orous abrasion and powerful currents, rests on 
material that when the pebbles accumulated 
was presumably a sandy mud. The pebbles 
evidently could not have been shaped near 
their present resting place but must have 
come from a distance. The surface of contact 
between conglomerate and shale, in the very 
few places where it is well exposed, is undula- 
tory, but the shale layers, instead of being 
cut by the uneven surface, conform to it, as 
if the conglomerate had been deposited gently 
on a soft, yielding foundation. 

A similar relation appears to hold between 
the conglomerate of the Eastern Rand, South 
Africa, and the underlying formation. E. T. 
Mellor ' says: 

One of the most remarkable features of the principal 
conglomerate bed of the Eastern Rand is tha(t it waa laid 
down over many hundreds of square miles directly upon 
a wide sheet of muddy or very fine sandy material, which 
over the whole of that area formed the uppermost portion 
of a sequence of similar strata some hundreds of feet in 
thickness. That this abrupt change in the character of 
the sedimentation was probably brought about simulta- 
neously over the whole area is to some extent shown by the 
consideratioDS already alluded to. Among further indi- 
cations may be mentioned the fact that nowhere do we 
find evidence of that type of erosion of the underl3dng 
muddy deposits which might be looked for with the grad- 
ual extension of pebbly deposits over them. On the 
other hand, we do find evidence of such erosion as might 
be expected to occur with the rapid sweeping of the peb- 

> Conditions of deposition of the Wltw^tersrand system: Hinlng Mag., 
vol. 13, pp. 25ft-a03, 1915 (from advance proofs of aa artlole on ' ' The upper 
Witwatersrand system" read before the QeologlGal Society of South 
Africa). 
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bly deposits over a previously existiiig expanse of hard- 
ened silt. Thus in the Kleinfontein mine I recently 
found numerous examples of the inclusion of fragments 
of the f ootwall in the overlying conglomerate, particularly 
its lower portion. One of these fragments was a foot in 
length and about 2 inches in thickness and of irregular 
tabular form, with angular edges. It appeared to be one 
of many pieces of partly consolidated sediment which had 
been torn from the underlying muddy material and imme- 
diately included in the pebbly mass which had swept 
over it. 

Other conglomerates in the Witwatersrand 
series, according to Mellor, show similar rela- 
tions to imderlying shales. The evidence of 
erosion of the shale found by him in South 
Africa is lacking; so far as known, in Arizona. 
Mellor's conclusion, that the Witwatersrand 
series is a delta deposit, accords with an earlier 
suggestion by De Launay.^ 

On the whole such meager evidence as is 
obtainable appears to indicate that the Barnes 
conglomerate represents stream action rather 
than shore (littoral) or marine action. 

The xmf ossilif erous Dripping Spring quartzite . 
contains some mud cracks in its tiiin upper 
beds, showing that these layers must have been 
exposed to the air during the period of deposi- 
tion. The formation is tentatively regarded 
as of delta origin. 

The deposition of the impure dolomitic Mes- 
cal limestone marks a change of conditions of 
sedimentation — apparently a subsidence of the 
land and an incursion of shallow marine waters. 
On the other hand, the overlying rusty vesicu- 
lar basalt appears to have been exposed to the 
air before it was covered by the sands that are 
now the Troy quartzite. 

The Troy quartzite with its abundant pebbly 
layers and conspicuous cross-bedding (see PI. 
XII, A) is suggestive of fluviatile or deltaic 
deposition. The upper part of this formation 
shows gradation into the undoubtedly marine 
deposition of the Devonian Martin limestone, 
although the grit beds and gritty limestones in 
the Martin show that that formation was laid 
down in shallower water than the overlying 
Tornado limestone. 

On the whole the evidence bearing on the 
mode of deposition of the pre-Devonian beds is 
to some extent conflicting and is inconclusive. 
They are fluviatile or shoal-water marine de- 
posits, but it does not appear possible at present 
to determine definitely to which class they 

I De Laiinay, L., Les richesses min^rales deTAfiique, p. 72, footnote, 
Paris, 1908. 
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belong, or, if both classes are represented, 
where the deposits of one class give place to 
those of the other. 

COBRSLATION. 

As has been shown in the preceding pages, 
there is little difficulty in correlating the De- 
vonian and Carboniferous formations of the 
Ray-Miami region with those of other parts of 
Arizona. As regards the unf ossilif erous forma- 
tions embraced within the Apache group and 
provisionally assigned to the Cambrian, the 
problem is more perplexing. 

Inasmuch as in the Grand Canyon there is a 
profound unconformity between the Algonkian 
sediments (Unkar and Chuar groups) and the 
Cambrian beds of the Tonto group, and as in 
the Globe region all the beds from Carbonifer- 
ous down to the Scanlan conglomerate are 
apparently conformable, the Apache group was 
in the Globe report and folio treated provi- 
sionally as Cambrian. At the same time, it 
was recognized that the Apache group had 
lithologically little in common with the Cam- 
brian Tonto group of the Grand Canyon. 

In 1905 Willis T. Lee ^ briefly described and 
figured the section of beds exposed in the 
gorge of Salt River below the Roosevelt Dam. 
He quotes a statement from a letter to him 
from Dr. Charles D. Walcott to the eflFect that 
at this locality the Carboniferous limestones 
rest directly and unconformably upon the 
quartzites and argillites of the Algonkian. He 
mentions the fact that the same supposedly 
Algonkian formations occiu* in the Sierra 
Ancha. Two years earlier A. B. Reagan * also 
appears to have included in the Algonkian 
most of the beds that make up the Sierra 
Ancha, although he stated that the sandstone 
of the Tonto group overUes these beds imcon- 
formably on the crest of the range. 

Later reconnaissance work by me has shown 
conclusively that the Roosevelt section con- 
tains the same formations that have been 
recognized in the Ray-Miami region. The beds 
dip upstream and in ascending order are the 
Scanlan conglomerate, resting on granite, the 
Pioneer shale, the Barnes conglomerate, the 
Dripping Spring quartzite, the Mescal lime- 
stone (at the dam), and the Troy quartzite, 

1 Undergroand waters of Salt River valley, Aric: U. S. Oeol. Survey 
Water-Supply Paper 136, pp. 06-07, 1005. 

* Geology of the Fort Apache region, Ariz.: Am. Geologist, vol. 82, 
p. 277, 1003. 
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here perhaps more properly referred to as a 
sandstone. These formations constitute the 
Apache group. As usual; there is a thick sheet 
of diabase^ which in this locality has invaded 
the Pioneer shale. 

This reconnaissance has shown also that the 
Devonian (Martin limestone) is not missing at 
fioosevelt but is well represented by about 300 
feet of thin-bedded limestones, which as stated 
on page 46 contain a characteristic Devonian 
fauna. As in the Ray-Miami region, the entire 
Paleozoic sequence from the Scanlan conglom- 
erate to the Carboniferous limestone appears 
to be conformable. Certainly there is no im- 
conformity present that brings 'the Carbonif- 
erous hmestone against the Apache group. 

The same reconnaissance showed that, as 
Reagan and Lee have both stated, the Sierra 
Ancha, in its southern part, where they saw it, 
is composed chiefly of these same Apache 
rocks, with a sheet of diabase, probably at least 
1,000 feet thick, intruded in the Mescal hme- 
stone. No trace was found, however, of an 
imconformably overlying '*Tonto'' (Tapeats) 
sandstone. As far north as Gun Creek, an east 
tributary of Tonto Creek, the sedimentary 
rocks of the Sierra Ancha can readily be inter- 
preted in terms of the Globe-Ray section and 
are recognizable as belonging to the Apache 
group. 

Prom the mouth of Gun Creek north to Pay- 
son and East Verde River the distance is only 
about 20 miles, but in this interval a striking 
change takes place in the character of the older 
Paleozoic rocks. Where the road from Payson 
to Pine crosses the East Verde, the following 
section was somewhat roughly measured on the 
south bank of the river: 

Section en East Verde River. 

Top of bluff. Feet. 

Rather thin-bodded, in part flaggy light-gray com- 
pact limestone with some intercalated thin sand- 
stone beds near top 130 

Pinkish and grayish sandy limestone, grading up- 
ward into overlying limestone 50 

Hard compact gray limestone in beds 2 to 3 feet 
thick 50 

Bed shale with 2 to 3 feet of gray laminated quartzite 
near top 20 

Thin-bedded gray limestone with some pink lime- 
stone near top and flaggy, somewhat sandy lime- 
stone in lower 25 or 30 feet 100 

Thin-bedded reddish sandstone with one gray bed 
near top, overlain by a layer of shale which grades 
into limestone above 30 



Pebbly eross-bedded red-brown sandstone, with 
some irregular horizontal lamination in cliff ex- 
posures but no distinct division into beds 
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460 
Moderately coarse crumbling red granite, probably 
Archean. 

The foregoing section is entirely diflforent 
from the Paleozoic section of the Ray-Mianu 
region, and although the section as a whole 
probably can not yet be fully correlated with 
the Grand Canyon section, the basal sandstone 
is without much doubt the Tapeats sandstone 
of the Tonto group. The southernmost point 
to which this sandstone has been traced is a 
ridge just south of Payson, where it rests on a 
gray dioritic rock belonging to the pre-Cam- 
brian complex. To the north, along the Mo- 
goUon escarpment, the beds just described pass 
under other limestones, probably including the 
Redwall, and a thick series of red beds that are 
probably Supai, overlain by the Coconino 
sandstone. 

At Jerome, 65 miles northwest of Payson, the 
same basal sandstone, 75 to 80 feet thick, rests 
on pre-Cambrian schist. It is overlain by 
hmestones which about 350 feet above the top 
of the sandstone carry Devonian fossils. A 
small collecition made in 1912 was submitted 
to E. M. Kindle, then of this Survey, who fur- 
nished the following list: 

Aulopora sp. undet. 
Zaphrentis sp. undet. 
Camarotoechia sp. undet. 
Spirifer orestes. 
Cyrtia cyrtiniformis. 
Bellerophon maera. 

Dr. Elindle notes: ''These species repres^it 
an Upper Devonian faima of the same general 
facies as that previously collected by you at 
various points in Arizona." In other words, 
they represent the fauna of the Martin lime- 
stone. 

In another pubUcation * the correlation of 
the Paleozoic strata in Arizona has been con- 
sidered more at length. The facts here pre- 
sented, however, are probably sufficient to 
show that below the Devonian beds, which are 
fossiliferous and are readily identified from 
Bisbee to the Grand Canyon, there are in c^i- 
tral Arizona two markedly dissimilar groups 
of strata. On the north is the Tonto group, 

i Ransome, F. L., Some PaleoBoic sections in Arlsoas and their oone- 
lation: U. S. Oeol. Survey Prof. Paper 98, pp. 133-166, 1016. 
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consisting in the Grand Canyon, from the base 
up, of the Tapeats sandstone, the Bright Angel 
shale, and the Muav limestone. The Tapeats 
sandstone can be followed with a few inter- 
ruptions from the mouth of the Grand Canyon 
along the base of the cliffs boimding the Arizona 
Plateau on the southwest to the vicinity of 
Payson, in Tonto Basin. The Bright Angel 
shale and Muav limestone apparently do not 
maintain their characteristic features south of 
the Grand Canyon and have not been definitely 
recognized at Jerome or in Tonto Basin. 

South of Tonto Basin, from the northern 
portion of the Sierra Ancha at least as far 
south as the Santa Catalina Range, there are, 
in ascending order beneath the Devonian, the 
Scanlan conglomerate, the Pioneer shale, the 
Barnes conglomerate, the Dripping Spring 
quartzite, the Mescal limestone, and the Troy 
quartzite. For the sake of comparison Plate 
XIII shows, side by side, generalized typical 
sections of the Paleozoic rocks of the Grand 
Canyon and of the Globe-Ray region. 

POST-PALEOZOIC ROCKS. 
QENISAL OHAAACTEB AND SEQUENCE. 

The post-Paleozoic rocks of the Globe-Ray 
region comprise both igneous and sedimentary 
kinds. The igneous rocks occur as intrusive 
sheets and irregular masses, as lava flows, and 
as accumidations of volcanic fragments. The 
sedimentary rocks comprise stony land de- 
tritus that has been only slightly moved from 
its place of origin, and coarse stream deposits 
that grade away from the moimtains into finer 
material and even into lake sediments; they 
are essentially fluvio-lacustrine deposits of 
continental as opposed to marine deposition. 

It is a common practice in geologic reports 
to describe all the sedimentary rocks separately 
from the igneous rocks. That practice has not 
been followed in the present work. It is 
. thought that, in this field at least, greater 
clearness can be attained and descriptive mat- 
ter can be made more interesting to the reader 
by following a historical sequence, the rocks, 
of whatever kind, being described in the order 
of their appearance on the geologic scene. 
This plan has already been followed as regards 
the basalt overlying the Mescal limestone and 
will receive more conspicuous exemplification 
in what now follows. 



The first recorded addition to the rocks of the 
Ray-Globe region after the disposition of the 
Tornado limestone in Carboniferous time ap- 
pears to have been the quartz monzonite of Lost 
Grulch, in the Globe quadrangle. This was 
succeeded by intrusive olivine diabase. Then 
followed the acciunulation, in the southern part 
of the area, of andesite breccia and lava flows 
and the irruption of closely related dikes. 
These igneous rocks are probably all of Meso- 
zoic age. Tertiary time was marked by the 
intrusion of (1) quartz diorite, in small insu- 
lar masses and a few dikes of considerable size; 
(2) granite, quartz monzonite porphyry, and 
granodiorite in masses, some of which, as the 
Schultze granite, are now exposed over areas 
several miles in diameter; and (3) quartz dio- 
rite porphyry, in dikes, sills, and small intru- 
sive masses. After some erosion, the coarse 
detrital Whitetail formation was accumidated 
and then followed extensive outpoiuings of 
dacite. After much deformation and during 
consequent vigorous erosion the Gila conglom- 
erate was laid down during early Quaternary 
time. There was at least one minor eruption 
of basalt during the accumulation of the con- 
glomerate, which was followed by erosion and 
the deposition of yotmger sediments of no great 
areal importance. All these rocks will now be 
described in chronologic order. 

LOST QULCH MONZONITE (QXTABTZ MONZO- 
NITE). 

OCCUBBENCE, DISTRIBUTION, AND AGE. 

The Lost Gidch monzonite forms a roughly 
quadrangular area about 4 square miles in 
extent, which occupies the greater part of the 
drainage basin of Lost Gulch north of Miami 
and stretches northeastward toward Pinal 
Creek. The area of exposure, save where the 
rock is overlapped on the east by the Gila con- 
glomerate, is botmded chiefly by faults, and the 
age relations of the mass are not entirely clear. 
On the basis of observations made in 1902 the 
monzonite is supposed to be cut by diabase and 
therefore to be older than that rock. The evi- 
dence, however, should be reexamined in the 
light of later acquired knowledge of the intru- 
sive rocks of Arizona and of the suggestion that 
it may belong with petrographically related 
rocks that are probably of Tertiary • age. 
Until this can be done, the Lost Gulch monzo- 
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nite is provisionally regarded as older than the 
diabase and of early Mesozoic age. In the 
Globe folio it was considered as probably of 
pre-Cambrian age, but its petrographic char- 
acter renders this earlier assignment doubtful. 

PETROGRAPHY.^ 

The quartz monzonite is a fine-granular gray 
pock containing scattered ciystals of potassium 
feldspar and smaller ones of plagioclase. 
Toward the eastern part of the area the rock 
becomes more finely crystalline and the gray 
medium-granular grotmdmass is made up of 
' potassixmi feldspar, plagioclase, quartz, and 
biotite. Under the microscope quartz is ap- 
parently the most abundant constituent, fol- 
lowed by oligoclase-andesine feldspar, micro- 
dine, and biotite. A chemical analysis of a 
fresh specimen from Lost Oulch, about 2 miles 
northwest of the Inspiration mill, is as follows: 

Analysis of quarU monzonite from Lost Gulch. 

[W, F. muebrand, analyst, 1902.) 

SiOa 68.63 

AljO, 13.68 

FejO, 2.53 

FeO 1.81 

MgO 1.10 

CaO 2.61 

NajO 2.04 

KaO 4.04 

HaO below 110*» C 70 

H,0 above 110** C 87 

TiOa 60 

ZrOa 01 

COa None. 

PaOj 24 

CI Not detennined. 

F Not detennined. 

S »(.06) 

NiO None. 

MnO 15 

BaO 05 

SrO Trace. 

liaO Faint trace. 

Fc^ 11 



100.06 



In the norm system of classification and 
nomendatiire the rock is toscanose. 

The mineral composition of the Lost Gulch 
monzonite as calculated from the chemical 
analysis, checked by microscopical examina- 
tion, is as follows: 

1 CoDdfiDsed firom U. 8. Qeol. Suivey Prof. Paper 12, pp. 76-78, 1908. 
I Included with pyrite. 



ApproximaU mineral composiHon of Lo$t ChMi mcnvtomU. 

Quartz 31.67 

Microcline and orthoclase 19. 79 

Andesine ( Ab4Ana) 35.74 

Biotite 8.33 

Magnetite 2.68 

Titanite L23 

Apatite 44 

Pyrite 11 

100.00 

It will be observed that although the rock is 
chemically a quartz monzonite, the grouping 
of the molecules is such as to give a high pro- 
portion of plagioclase for rocks of this class. 
It lies almost on the line between granodiorite 
and quartz monzonite according to the dis- 
tinction made by Lindgren.' 

WILLOW SPBINO OKANITX. 
OOCURRESMtCE AND DISTRIBUTION. 

The Willow Spring granite forms a small 
isolated mass lying just north of Wel^ter 
Oulch and occupying an area of less than a 
square mile. It is intrusive into the Pinal 
schist, and, like the Lost Gulch monzonite, is 
bounded in part by faults. 

PETROGRAPHY. 

The Willow Spring granite is gray and is as 
a rule fine grained for a rock of granitic com- 
position, the average size of the grains being 
less than a millimeter. A few phenocrysts of 
orthoclase or microcline, as much as 2 inches 
long, are scattered through this groundmass, 
which is in places nearly aphanitic. 

The microscope reveals a hypidiomorphic 
granular aggregate consisting of abundant 
quartz and microcline, with oligoclase, mua- 
covite, and biotite. The exact nature of the 
oligoclase is not readily determinable, owing to 
the general decomposition of this constituent 
into nearly cryptocrystalline aggregates that 
apparently consist principally of kaoUn. The 
accessory minerals are apatite, iron ore, and 
tourmaline, none of them abundant. The 
secondary minerals are kaolinite, epidote, and 
chlorite. 

AOE AND AFFILIATIONS. 

The age of the Willow Spring granite is even 
more uncertain than that of the Lost Gulch 



* Lindgren, Waldemar, Granodiorite ftnd other intennediate 
Am. Jour. Sci., 4th ser., vol. 9, pp. 277-281, 1900. 
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monzonite. All that can be said is that con- 
siderable doubt now attaches to its original 
assignment to the pre-Cambrian. No thorough 
field examination has been made of it since the 
work was done for the Globe folio. It is de- 
scribed in this place because it may have been 
irrupted at about the same time as the Lost 
GKilch monzonite. 

DIABASE. 
OCCUBBENCE AND DISTBIBIJTION. 

The diabase of the Ray quadrangle is identi- 
cal in age, geologic relations, and general 
character with the rock in the Globe quad- 
rangile described some years ago under that 
name, and many of the descriptive petro- 
graphic details here presented have been taken 
with slight modification from the Globe folio. 

The diabase is intrusive, and although it is 
highly probable, in view of the great disturb- 
ance which accompanied the intrusion, that 
at the tune of irruption some of the magma 
reached the* surface, there are now in the re- 
gion no eflfusive or pyroclastic rocks referable 
to this period of igneous activity. The magma 
forced its way between the sedimentary strata 
as sills, but these are not persistent sheets of 
uniform thickness; the magma broke across 
the bedding at so many places and followed so 
many different planes of stratification that 
the resulting structure, in spite of the fact that 
the blocks of strata retain a common strike and 
dip, is highly irregular, and great masses of 
the sediments are now surroxmded by and im- 
meshed in the intrusive rock. The intruded 
sheets range from a few inches to many hun- 
dreds of feet in thickness, and the sizes of the 
included blocks of strata are equally diverse. 
The main zone of intrusion in the Globe-Ray 
region was along the Mescal limestone, but 
the diabase is not confined to that horizon. 

The relations of the diabase to the sedimen- 
tary rocks are remarkably well displayed in the 
northeastern part of the Ray quadrangle, in the 
Mescal Range, where blocks of quartzite and 
more or less altered limestone, all dipping 
about 20° SW., are dispersed through the dia- 
base, which in this part of the area has in- 
iraded all the rocks older than the Devonian. 
(See Pis. II, m. A, and IX, B.) One sill, 
roughly parallel with the bedding of the 
sediments, traverses the Madera diorite north 
of Pioneer Mountain and Old Baldy. 



Into the beds now forming the Dripping 
Spring Range the diabase was intruded in the 
same, manner as in the Mescal Mountains, but 
faulting has here introduced much greater 
structural complexity. In the Dripping Spring 
Range also the principal zone of intrusion was 
the Mescal limestone, but in a few places, as at 
Steamboat Moimtain, small bodies or dikes of 
the diabase cut the Martin and Tornado lime- 
stones. 

In the Tortilla Mountains the diabase cuts 
all rocks up to and including the Tornado lime- 
stone. Some of the intrusions in the granite are 
curiously irregular, as may be seen in the vi- 
cinity of Kelvin. (See PL II.) Although in 
some parts of the area diabase to the thickness 
of several himdred feet has been injected at the 
horizon of the Mescal limestone, the same lime- 
stone where upturned in the gorge west of 
Hackberry Spring has been only slightly in- 
vaded by the igneous rock in the form of thin 
sills and small dikes. One of these sheets, now 
nearly vertical, is shown in Plate X, B. As 
may be seen from the illustration, the sheet 
does not extend quite to the bottom of the 
gorge but connects with a narrow crosscut- 
ting dike. 

In many places the diabase of the intruded 
sheets is divided by dose joints parallel with 
the stratification of the sedimente above and 
below. The effect is that the diabase, when 
viewed at a distance, resembles a bedded rock, 
as may be seen in the gorge of Pioneer Creek. 

Diabase of the same kind as that in the 
Globe-Ray region and undoubtedly belonging 
to the same period of intrusion is abundant to 
the north, in the vicinity of Roosevelt and 
in the Sierra Ancha. Near Roosevelt the dia- 
base forms a thick sill in the Pioneer shale. In 
the Sierra Ancha a sheet fully 1,000 feet thick 
has invaded the Mescal limestone. Diabase 
also correlated with that of the Globe-Ray 
region occurs in the Santa Catalina Range, 
northeast of Tucson. 

PETKOGRAPHY. 

When fresh, the diabase typical of all the 
larger areas in the region is a tough, heavy 
dar^-gray holocrystalline rock of medium grain 
as a whole but grading here and there into fin^ 
grained (aphanitic) varieties or into coarser, 
exceedingly tough facies with large tabular 
plagioclase crystals and abimdant magnetite. 
Some of the finer-grained varieties are younger 
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than the mass of the diahase, which they cut as 
dikes. The minerals readily visible to the un- 
aided eye are plagioclase, augite, and magnet- 
ite. The augite is particularly noticeable on 
many natural surfaces of the rock, as it forms 
brilliantly flashing spots, some of which are 2 
centimeters in breadth. Close examination 
of these reflecting cleavage surfaces show that 
the augite is crowded with inclusions of the 
other minerals composing the diabase, giving 
what the petrographer calls poikilitic texture. 
The weathered rock is greenish, and the dia- 
base masses can ordinarily be distinguished 
from a distance by the very characteristic dark 
olive hue of their bare slopes. Hard residual 
boulders or pebbles of various sizes, with cu- 
riously nodular surfaces, are extremely charac- 
teristic of the disintegration of the typical dia- 
base. The rock crumbles to a greenish sandy 
soil (saprolite) . Embedded within this material 
are residual kernels of sound rock, ranging in 
diameter from that of a pea up to a foot or more. 
The larger masses have the characteristic 
lumpy or warty surfaces, and with the further 
progress of disintegration these limips separate 
as small nodules. Gose examination of these 
little bodies shows that their form and resist- 
ance to disintegration are dependent on the 
presence of rounded poikUitic crystals of au- 
gite. The various steps in this process of dis- 
integration are clearly displayed along the 
Globe-Kelvin stage road where it crosses the 
main diabase belt south of Pioneer station (see 
PI. XIV), and an excellent opportunity for 
study of the rock in fresher condition is afforded 
by the narrow goige of Pioneer Creek, south of 
the road, and by the road from Troy down to 
the mouth of the Pratt tunnel, southwest of 
Troy. In addition to the excrescences with 
which exposed surfaces of the diabase are 
usually studded there are in some locaUties 
well-marked projecting ribs or ridges an inch 
or two in height. These are due to the devel- 
opment of secondary hornblende along minute 
fissures in the rock and the resistance of this 
mineral to weathering. 

Thin sections of the typical diabase examined 
under the microscope show a fresh ophitic ag- 
gregate of calcic labradorite or bytownite, 
faintly brownish augite, otivine, and a httle 
biotito, magnetite, apatite, and titanite. In 
many places the diabase is so fresh that the 
olivine, which occurs in the xisual rounded 



forms more or less inclosed in the augite, shows 
scarcely a trace of serpentinization. The 
augite is broadly poikilitic, the apparently 
isolated angular areas between the subhedral 
crystals of plagioclase showing optical conti- 
nuity over large areas of the microscopic slides. 
The angle cAc is approximately 45°. 

A chemical analysis of a fresh typical speci- 
men from a hilltop 1 mile northwest of Black 
Peak, in the Globe quadrangle, is given below: 

Chemical analytia of diabase.^ 

[B. T. Allen, analyst.] 

SiOa 49.00 

AlaO, 16.87 

FeaO, 2.09 

FeO 8. 50 

MgO 6.70 

CaO 10.21 

NajO 2.57 

KjO 66 

HaO below 110** C 72 

HjO abeve 110*» C 1.00 

TiOj : 1.11 

ZrOa 02 

COa •. None. 

PaOj 13 

SO, None. 

CI 05 

F Undetermined. 

S None. 

CTaO, 02 

NiO None. 

MnO 10 

BaO Trace. 

LiaO Undetermined. 

SrO None. 

VjO, Trace. 



99.75 



Without knowledge of the exact composition 
of the augite, it b impossible to make from the 
chemical analyses an accurate calculation of the 
quantitative mineral composition of the rock. 
Rough calculation, however, checked by optical 
estimation in thin sections, indicates about 55 
per cent of bytownite, 30 per cent of augite, 10 
per cent of olivine, and 5 per cent of biotite, mag- 
netite, titanite, and apatite. The rock may be 
considered a typical olivine diabase and in the 
norm quantitative system of classification is 
auvergnose. 

In the Globe report ^ attention was called to 
the occurrence here and there within the diabase 
of the larger areas of rather coarsely crystalline 

1 U. 8. Geol. Survey Prof. Paper 12, p. 84, 19Q3. 
I Idem, p. 85. 
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reddish rock having the general composition of 
a hornblende syenite. At a few places in the 
Ray quadrangle the diabase shows similar 
differentiation f acies. Thus in the crest of a 
ridge 1.6 miles northwest of the summit of 
Scott Mountain the diabase grades into an ex- 
ceedingly tough fine-grained rock of which the 
obvious minerals are dull-green hornblende and 
pink feldspar. The microscope shows that the 
essential constituents are hornblende, quartz, 
and orthoclase, micropegmatitically intergrown, 
and decomposed plagioclase. A part of the 
hornblende appears to have been derived from 
pyroxene by lU'alitization, but none of the 
original mineral remains. This rock, which is 
apparently nothing more than a local facies of 
the normal diabase, may be called a ''basic" or 
more accurately a mafic quartz monzonite. 

Although there is generally no difficulty in 
procuring specimens of fresh diabase from most 
of the larger areas, greenish uralitic varieties 
are common, even where ravines have cut 
deeply into the diabase and the rock exposed is 
firm and hard. Such facies illustrate all stages 
of alteration from those in which the augite is 
only partly altered to those in which the augite 
is completely changed to a^regates of green 
hornblende. 

The diabase occurring as dikes in the pre- 
Cambrian complex or in the Martin and Tor- 
nado limestones is as a rule more finely crystal- 
line than that of the larger sills and in places is 
nearly aphanitic. 

CONTACT MISTAMOBFHISM. 

In general the contact metamorphism ef- 
fected by the diabase is inconspicuous. In the 
vicinity of the large intrusions the quartzites, 
especially the Dripping Spring quartzite, are 
exceptionally hard and well indurated, and 
near the contact the Pioneer shale is in places 
baked and hardened. The Mescal limestone, 
which is in contact with the diabase at so many 
places, shows, as might be expected, more 
noticeable metamorphism than the shale and 
quartzite. Three-fourths of a mile southwest 
of Walnut Spring, in the northern part of the 
Ray quadrangle, the Mescal limestone near the 
diabase contains abundant tremolite. In the 
bed of Pioneer Creek, 1^ miles south of bench 
mark 4504 on the stage road near Pioneer, in 
the northeastern part of the Ray quadrangle, 
the limestone near the diabase contains nodular 



segregations of silicate minerals. These in- 
clude a member of the olivine group having an 
index of refraction higher than that of pure 
forsterite, tremolite, and diopside, associated 
with calcite and abundant serpentine, the latter 
derived for the most part from the olivine. 

In connection with the discussion of the con- 
tact metamorphism effected by the diabase 
attention may be called to a small body of 
peculiar granitic rock that is exposed on the 
stage road nine-tenths of a mile south of bench 
mark 4504, near Pioneer, in the northeastern 
part of the Ray quadrangle. The mass is about 
200 yards long and is surrounded by diabase. 
The rock composing it is strikingly variable in 
color and texture. Some parts are fine granu- 
lar, show conspicuous although rather vaguely 
defined pink and greenish-gray mottling, and 
suggest in appearance and texture a metamor- 
phosed quartzite. Other parts are greenish 
gray and evidently contain considerable chlo- 
rite. Such material is suggestive of an altered 
quartz diorite. Still other varieties are more 
granitic in appearance. One of these, a fine- 
grained pink rock, evidently contains abun- 
dant pink orthoclase with specks of green- 
brown chlorite. This rock is miarolitic, and 
the cavities contain partly free crystals of 
quartz and orthoclase. Another variety re- 
sembling this, but finer grained, is traversed by 
cracks whose walls are lined with small crystals 
of orthoclase and quartz. 

The microscope confirms the impression 
gained in the field that the varieties are all 
parts of one rock mass. The feldspar is in 
part microcline and in part orthoclase. It 
poikiUtically incloses the other constituents or, 
less commonly, is in micropegmatitic inter- 
growth with quartz. The characteristic oc- 
currence of • the quartz is as rounded but 
minutely irregular grains, about 0.6 millimeter 
in greatest diameter, embedded in the feldspar. 
As seen in thin section the boundaries of these 
grains are irregularly scalloped, much as would 
be those of a section through a blackberry. 
The dark constituent in most of the specimens 
is chlorite, but in one thin section was noted a 
little pale biotite, and from this mineral the 
chlorite was evidently derived. All thin sec- 
tions show rather abundant titanite and a 
little zircon. 

The origin of this mass of rock is not clear. 
The material has little in common with the other 
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granitic rocks of the region and has an unusual 
texture for a normal igneous rock. If the 
mass is regarded as a product of local differen- 
tiation of the diabase magma, it is difficult to 
understand why differentiation should have 
taken place at this particular spot in the molten 
material, unsubjected apparently to any con- 
ditions favoring a departure from homogeneity. 
The mass may represent an included block, or 
xenolith, of arkosic quartzite that has been 
metamorphosed by reaction with the diabasic 
magma, although there is admittedly no con- 
clusive evidence for this su^estion. 

AGE. 

Intrusive relations show very clearly that the 
diabase is younger than the Troy quartzite. 
The Mescal and Tornado limestones have been 
cut only here and there by small bodies of 
diabase, but these are supposed to represent 
parts of the same magma that solidified in the 
larger masses. The diabase is thus younger 
than the Pennsylvanian epoch of the Carbon- 
iferous. The relation of the diabase to the 
andesite in the vicinity of Tornado Peak is not 
definitely determinable within the area studied 
but the diabase is thought to be probably the 
older rock. Campbell's reconnaissance of the 
Deer Creek coal field ^ showed that the andes- 
ite is probably Cretaceous, which would make 
the diabase assignable to the early Mesozoic or 
late Paleozoic. 

GBBTACEOXTS SEDIMENTARY BOCKS. 

The Tornado limestone constitutes the latest 
record of marine sedimentation preserved in 
the Globe-Ray region. The Deer Creek coal 
field,^ which lies about 12 miles east of the 
Ray quadrangle, contains several hundred feet 
of coal-bearing sandstone and shale from which 
were collected plant remains whose forms, ac- 
cording to F. H. Knowlton, are suggestive of 
Upper Cretaceous age, and at a lower horizon 
in the same beds were obtained imperfect 
specimens of Ostrea and Exogyra, which, ac- 
cording to T. W. Stanton, are also indicative 
of Cretaceous time. Campbell described the 
major portion of the sediments as overlain by 
a thick mass of andesitic volcanic rocks within 
which are intercalated some sedimentary layers. 

1 Campbell, M. R.» The Deer Creek ooal field, Ariz.: U. S. Oeol. Sur^ 
vey Boll. 235, pp. 240-358, 1004. 
s Campbell, M. R., op. dt. 



According to him, the main body of coal-bearing 
sediments under the andesite thins rapidly to 
the west. These beds are not represented in 
the Ray-Olobe region, although the andesitic 
formation, presumably also of Cretaceous age, 
extends into the southeastern part of the Ray 
quadrangle, east of Tornado Peak, and will be 
next described. 

ANDSSITS TUn AND BBBCdA. 
OOCUBBENCE AKD DISTBIBtmOK. 

In their reports on the Deer Creek coal 
field both Walcott ' and Campbell * refer 
briefly to the occurrence of large masses of 
andesite overlying the Cretaceous sediments 
and connected with them by the intercalation 
of sedimentary layers containing a little coal. 

Southeast of Tornado Peak and stretching 
as a broad belt in that direction across Gila 
River is an area of somber-colored hills com- 
posed of andesitic tuff. This material is un- 
doubtedly the andesite referred to in the Deer 
Creek reports, although in the Ray quadrangle 
it rests, not on the Cretaceous but directly on 
the Pennsylvanian limestone. In part the 
material may consist of lava flows, and 
certainly it is traversed by many porphyry 
dikes of andesitic to dioritic or monzonitic 
character, but in the main it is an indurated, 
more or less decomposed tuff or tuff-breccia. 
It caps the high ridge between Tornado Peak 
and Christmas and thins out to disappearance 
toward the north but thickens greatly toward 
the southeast, where the general dip carries 
its base down to and under the river. The 
most northerly occurrence of the andesite tuff 
within the Ray quadrangle is at the edge of 
Dripping Spring Valley, 2 miles northeast of 
the London-Arizona mine, where it has been 
dropped by faulting against the Tornado 
limestone. Southeast of the quadrangle, on 
the other hand, the formation, as may be seen 
from any high point near Christmas, is the 
prevailing rock for many square miles. 

In some places the ordinary andesitic 
breccia, as a rule green because of the large 
amount of epidote near its base, rests directly 
on the limestone. South of O'CarroU Canyon, 
however, the limestone is xmconf ormably over- 
lain by a layer of angular cherty fragments, 

* Waloott, C. D., Description of the [Deer Creek] ooal field: 48th Cong., 
2d sees., S. Ex. Doc. 20, Appendix I, pp. 5-7, 1885. 
« Op. dt. 
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derived from the limestone, embedded in a 
gray clayey matrix. Above this is a layer, a 
few feet thick, of clay and fine soft tuff 
succeeded in turn by the prevailing indurated 
tuff-breccia. The coarse conglomerate men- 
tioned by Campbell as lying at the base of the 
andesite was not seen within the Bay quad- 
rangle but was observed at a few places along 
the Gila between Winkelman and the mouth 
of Dripping Spring Valley. It consists of 
large partly rounded fragments of granite, 
quartzite, and andesite in an andesitic matrix. 
No dose study was made of it, but it probably 
represents material thrown out by explosive 
eruptions early in the andesitic epoch. The 
fact that the andesite rests on Carboniferous 
limestone in the Bay quadrangle, whereas, 
according to Campbell, its eruption followed 
the deposition of the Cretaceous sediments of 
the Deer Creek field without any marked 
interval of erosion, indicates that those sedi- 
ments were deposited in a local basin and that 
the area of the Bay quadrangle was then land. 
The tuff-breccia is cut by many dikes 
ranging from dark^ray andesitic porphyries 
with sharp lustrous phenocrysts of hornblende 
to more coarsely crystalline and lighter-colored 
quartz diorite or quartz monzonite porphyries. 

THICKNESS. 

The relations of the andesitic rocks to the 
underlying limestone and to the surface east 
of Tornado Peak indicate a thickness of at 
least 1,000 feet. 

PETBOORAPEtT. 

4 

The general color of the andesite is dark 
greenish or reddish gray. The texture is 
minutely porphyritic, small phenocrysts of 
plagioclase being embedded in a fine-grained or 
aphanitic groundmass. The clastic character 
is not everywhere apparent, but on many 
weathered surfaces the faint outlines of the 
constituent fragments are visible on close 
inspection. A large proportion of the rock is 
so jointed and cracked that specimens of the 
ordinary shape and size are difficult to obtain, 
and the material as a whole has undergone con- 
siderable decomposition. In some localities, 
especially north of the latitude of Tornado 
Peak, the basal portion of the tuff-breccia 
contains much secondary epidote and in places 
is altered to a hard, dense yellow-green aggre- 



gate which under the microscope shows the 
outlines of feldspars and ferromagnesian min- 
erals, although these minerals have been com- 
pletely replaced by epidote with a little quartz 
and iron oxide. 

The freshest obtainable specimens of the 
andesite tuff-breccia shoW more or less decom- 
position, as seen in thin section. The frag- 
ments were originally an ordinary feldspathic 
hyalopilitic pyroxene andesite. The pyroxene, 
so far as could be determined in partly decom- 
posed material, is all augite, and the few thin 
sections examined contain no hornblende. 

The dikes that traverse the pyroclastic 
andesite fall into two main classes — ^hornblende 
andesite and holocrystalline dioritic or monzo- 
nitic porphyries. Those of the first class 
appear to be restricted to the andesitic area 
and to belong to the same epoch of eruptive 
activity as the tuffs. Many of them are hand- 
some rocks, showing sparkling black pheno- 
crysts of hornblende, generally about half a 
centimeter in length, and less conspicuous 
crystals of plagioclase in a partly glassy gray 
groundmass of ordinary andesitic character. 
Augite occurs sparingly as phenocrysts and in 
the groundmass. Although the rocks of this 
type are certainly in part dikes, some of the 
material may possibly represent flows. At all 
events they are an integral part of the volcanic 
complex. The porphyries of the second class 
are not limited to the andesitic area but belong 
to a group of rocks widely distributed over the 
quadrangle and will be described in another 
place. 

AGE. 

Beyond the fact that the andesitic rocks rest 
on an erosion surface of the Pennsylvanian 
limestone, the Bay quadrangle supplies no clue 
to their age. The work of Campbell in the 
Deer Creek coal field, however, shows that they 
are late Cretaceous or Tertiary. They are pro- 
visionally assigned to the close of the Creta- 
ceous and are thought to be younger than the 
diabase. Their altered condition, moreover, 
suggests that they are older than the dacite. 

QVABTZ DIOBITE. 
DISTRIBUTION AND OGOtrBBSNOS. 

The quartz diorite forms small irregular in- 
trusive masses and a few dikes of considerable 
size. The largest mass in the Bay quadrangle 
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lies about a mile northwest of Kelvin and is 
intnisiye in granite and diabase, but is itself 
cut by dikes of quartz diorite porphyry similar 
to the rock of some of the dikes near Troy. 
Another mass southwest of Ray is intrusive 
into Pinal schist. This mass in turn is cut by 
a dike of quartz diorite porphyry and probably 
also by the Granite Moxmtain porphyry. Two 
smaller bodies on the north side of Bustler 
Gulch have invaded the Dripping Spring 
quartzite. 

Three miles northeast of Kelvin, near the 
head of Elder Gulch, the quartz diorite is in- 
trusive into the Tornado limestone, within 
which it has effected some local metamorphism. 
Other small bodies of the same igneous rock lie 
north and east of Troy Moimtain. An irregu- 
lar mass about one-fourth of a square mile in 
area cuts granite, diabase, and the Paleozoic 
formations up to the Mescal limestone just 
west of Hackberry Spring, in the southwestern 
part of the Ray quadrangle. Three dikes and 
a small intrusive body of the same rock cut 
granite and diabase northeast of Ripsey Spring. 
Finally, a small body of the quartz diorite in 
diabase is exposed on Pioneer Creek in the 
Mescal Range. 

As bearing on the age of the quartz diorite 
intrusions, the fact should be noted that dikes 
of this rock are fairly abxmdant in the andesite 
breccia southeast of Tornado Peak. Most of 
these dikes are east of the Ray quadrangle. 

PETROGRAPHY. 

The obvious characteristics of the typical 
quartz diorite (see PI. XV, B) are light to dark 
gray color, even fine-grained texture, and gen- 
eral freshness as compared with most of the 
dioritic porphyries. The constituent minerals 
are generally not more than 3 millimeters 
across, and phenocrysts as a lule are very 
sparsely disseminated or lacking. On fresh 
fracture the rock sparkles with small crystals 
of hornblende, augite, or biotite; all three min- 
erals are present in some varieties. 

Although the foregoing description applies to 
the prevalent variety the rock is not wholly 
uniform in general appearance. In certain 
local f acies the crystals of hornblende may be 
2 centimeters or more in length, with the feld- 
spars of proportional size. The mineral com- 
position of the rock is also somewhat variable. 



Under the microscope the normal rock ap- 
pears as a fresh aggregate of subhedral to euhe- 
dral plagiodase and hornblende, anhedral inter- 
stitial quartz and orthodase, together with the 
usual accessories — ^titanite, magnetite, and apa- 
tite. The hornblende is generally intergrown 
with biotite and with colorless or faintly green- 
ish augite. The proportions of these three 
minerals vary in different facies, although it is 
rare to find any one of them wholly absent, 
The plagioclase is not of imiform composition, 
many of the crystals being decidedly zoned, 
but a number of optical determinations gave 
compositions near AbiAn,, so that the felcbpar 
is chiefly a calcic labradorite. The quantities 
of quartz and orthoclase vary in different facies, 
even to the point of absence in certain porphy- 
ritic marginal varieties. 

A typical specimen of the quartz diorite from 
the mass northwest of Kelvin was chosen for 
chemical analysis, with results as follows: 

Chemical analysis of quartz diorite. 

[0«arge S^lger, analyst.] 

SiOa SO. 42 

AljO, 17.27 

FejO, 2.60 

FeO 3.47 

MgO 2.30 

CaO 6.36 

NajO 3.14 

K3O 2.34 

H3O below 110*»C 40 

HgO above H0*» C 86 

TiOj 83 

ZrOa None. 

COa None. 

PA 20 

SOj None. 

S 06 

MnO 13 

BaO 03 

SrO 06 



100.46 

This rock is a tonalose in the norm system of 
classification and nomenclature. 

In a few places the quartz diorite grades into 
local coarsely crystalline facies, some of which 
are highly homblendic. 

OONTACr METAMOBPHISM. 

Quartz diorite which crops out in a small tri- 
angular area about a mile northwest of Troy 
contains an included block of Mescal limestone. 
This has been strongly metamorphosed, and 
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the igneous rock near the limestone is more 
coarsely crystalline and more conspicuously 
homblendic than elsewhere. The principal 
minerals developed by metamorpUsm in the 
limestone are vesuvianite, clinochlore, diopside, 
epidote, hornblende, and garnet. The vesu- 
vianite is in stout^ nearly sulphur-yellow crys- 
tals which, according to W. T. Schaller, who 
verified the determination of the mineral, 
present no xmusual faces. The garnet is a yel- 
low-brown variety in crystals as much as a 
centimeter in diameter. 

Similar metamorphism has been undergone 
by a block of limestone included in quartz 
diorite 2 miles northwest of Troy. Here the 
garnet shows no crystal faces and is full of in- 
clusions of diopside. The rock in places is a 
fine-grained aggregate of colorless anhedral 
diopside. 

Another locality where limestone, in this 
place the Tornado limestone, has been meta- 
morphosed by the quartz diorite is in Elder 
Gulch, 3 miles northeast of Kelvin. At the 
contact wollastonite has been developed in 
coarsely crystalline masses and occurs also 
associated with diopside, vesuvianite, and 
garnet 

SCHULTZX OSANTTE. 
EXPLANATORY NOTE. 

The Schultze granite was rather fully de- 
scribed in the professional paper on the Globe 
district and in the Globe folio, but as these 
publications are no longer readily obtainable 
and as the granite, particularly its porphyry 
facies, has been found to be of additional 
economic importance since those reports were 
published, much of the description will here be 
repeated in substance. At the time the reports 
mentioned were written the Schultze granite 
was provisionally included with other granitic 
rocks in the pre-Cambrian. Although its 
relations to adjacent formations afford no con- 
clusive evidence for a change of assignment, the 
character of the rock and its similarity to other 
granitic rocks in the region now known to be 
younger than the diabase and probably of 
Tertiary age make it reasonably certain that the 
Schultze granite is post-Cambrian and probable 
that it is Tertiary.^ 

The chief interest of the Schultze granite in 
connection with the present report lies in its 

1 Ransome, 7. L., Otology at Globe, Artz.: Min. and Scl. Press, Feb. 
12, 1910, pp. 25<^257. 



intimate relation to the disseminated copper 
ores of the Miami district. 

OCCUKKENCE AND DISTRIBUTION. 

The Schultze granite occupies an irregular 
area in the west-central part of the Globe 
quadrangle, extending from the vicinity of 
Miami on the northeast to the Pinal ranch on 
the southwest, a distance of about 10 miles. 
As a rule, erosion in this area tends toward the 
development of broad basins and moderate 
slopes, which, however, may be very rugged in 
detail. The surface of the granite is but poorly 
screened by vegetation, so that the rounded 
outcrops and smoother slopes covered by loose 
particles of feldspar, quartz, and mica give a 
pale-yellow tint to the landscape. 

PETBOGBAPHY. 

The granite is characterized by a prevalent 
porph^tic texture and a gener^y ^U tint 
The usual color of slightly weathered surfaces 
is pale yellow, but fresh specimens are nearly 
white, speckled with small flakes of black mica. 
The constituents visible to the unaided eye are 
porphyritic crystals of a fresh, white feldspar 
as much as 2 inches in length, showing the bril- 
liant cleavage faces and Carlsbad twinning 
characteristic of orthoclase. These pheno- 
crysts lie in a medium granular groundmass 
whose constituent grains range from 1 or 2 
millimeters to 1 centimeter in diameter and 
comprise quartz, white feldspar, and biotite. 
Close inspection of cleavage faces shows that 
the feldspar of the groundmass is predomi- 
nantly plagioclase. Such is the rock in which 
the kettle-like holes are eroded at Bloody Tanks 
and which is well exposed around the Schultze 
ranch, on Pinto Creek, and along the trail from 
this creek to the Pinal ranch. 

Under the microscope thin sections (which 
as a rule illustrate chiefly the ^x>Tuidmass or 
granular portion of the rock) show a hypidio- 
morphic granular aggregate of oligoclase, 
quartz, orthoclase, and biotite, with accessory 
muscovite and a very little iron ore, apatite, 
and zircon. Small quantities of epidote and 
chlorite are present here and there as alteration 
products of biotite. 

The oligoclase, which is a calcic variety, 
although containing a little brownish micro- 
scopic dust, is generally fresh and has a ten- 
dency toward idiomorphic form. 
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The orthoclase occurs as phenocrysts, many 
of which are irregularly bounded or peripher- 
ally intergrown with oligoclase and quartz, 
and also allotriomorphically crystallized with 
quartz between and around the oligoclase in 
the groundmass. It is fresh and fairly clear 
and is not noticeably microperthitic, although 
it contains numerous inclusions of oligoclase, 
quartz, and biotite. 

The biotite shows the usual microscopic 
characteristics. 

A chemical analysis of a typical sample of 
the Schultze granite, collected about a mile 
west of the Schultze ranch, in the Globe quad- 
rangle, is given in column 1 of the following 
table; in column 2 is the analysis of a porphy- 
ritic marginal f acies obtained 2 miles south of 
the Schultze ranch. 

Chemical analyses of granite and granite porphyry, 
[E. T. AUoi, analyst, 1902.1 



SiOj.. 
AlA- 



MgO 

CaO 

NajO 

K,6 

HjO below 110** C 
H3O above 110° C 

Tib, 

ZrOa 

CO, 

i^f.v.v.v;:;:: 

CI 

F 



S.... 

CrA 

NiO.. 

MnO. 

BaO. 

8rO.. 

LiaO. 



70.95 


69.35 


16.30 


15.71 


1.01 


1.18 


.36 


.43 


.23 


.36 


1.85 


1.79 


5.16 


4.78 


3.34 


3.63 


.26 


1.17 


.37 


.97 


.23 


.19 


Trace. 


Trace. 


None. 


None. 


Trace. 


.08 


Trace. 

Undet. 

Undet. 

Trace. 








Trace. 


None. 


None. 


Undet. 
Trace. 




Trace. 


.04 


.07 


Undet. 
Undet. 








100.10 


99.71 



In the norm quantitative system the two 
rocks analyzed correspond to lassenose. In 
their high silica, low iron oxides, magnesia, and 
lime, and moderately high potash and soda, 
they correspond in the familiar system of 
classification to a granite, and the preponder- 
ance of soda over potash points to a soda 
granite, in which might be expected an alkalic 
feldspar rich in the albite molecule. The 
optical examination, on the other hand, shows 



that the chief constituent of the rock is oligo- 
clase. By calculating the magnesia, all of the 
ferrous oxide, and most of the ferric oxide as 
biotite, and proportioning the remaining pot- 
ash to the remaining alumina for orthoclase 
and muscovite after the subtraction of enough 
of the alumina to form titanite, albite, and 
anorthite, the approximate mineral composi- 
tion of the rock may be arrived at, as follows: 



Mineral compotition of granite. 



Oligoclase (AbgAn,). 

Orthoclase 

Quartz 

Biotite 

Muscovite 

Titanite 

Iron oxides 



52.24 

. 16.82 

. 24.09 

4.50 

1.28 

.43 

.64 

100.00 



Some of the albite molecule is probably com- 
bined with the orthoclase molecule to form 
alkalic feldspar, but as the cn'thoclase is not 
microperthitic, and as the. composition of the 
oligoclase as above calculated agrees well with 
the optical detenninations, this amount is 
probably not large. It thus appears that 
about half the rock is composed of oligoclase. 

It was found in making the foregoing calcu- 
lation that if all the alumina, after taking out 
sufficient for the biotite, anorthite, and albite, 
were combined with the available potash it 
would give nearly as much muscovite as bio^ 
tite. This result, as microscopic examination 
shows, is plainly erroneous, and as the alumina 
in the analysis is rather higher than is common 
in rocks of this general chemical character, 0.5 
per cent of this oxide was assumed as excessive 
and thrown in with the remaining iron oxide 
as iron ore. This is in accord with the well- 
known fact that small and often unavoidable 
errors in analysis, especially any occurring in 
the iron determinations, are ciunulatively 
thrown upon the alumina. 

Upon consideration of the chemical and 
mineral compositions together it appears that 
the rock does not fit into existing mineralogic 
schemes of classification. Chemically it is a 
sodium-rich granite, but mineralogically it is 
about half plagioclase. It is conceivable that 
under slightly different conditions the calcium 
might have gone into mineralogic combination 
to form pyroxene or amphibole instead of 
oligoclase, and the rock would then have been 
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made up chiefly of alkalic feldspar, and could 
be placed without hesitation among the sodium- 
rich granites. All things considered, it appears 
to belong somewhere between the quartz mon- 
zonites and the alkalic granites. It is placed 
provisionally with the latter for the reason that 
chemical composition is considered more impor- 
tant in deciding petrologic relationship than 
the particular manner in which the potassium, 
sodium, and calcium of a given magma enter 
into mineralogic combination. 

The foregoing description applies to the rock 
characteristic of the mass as a whole, particu- 
larly at some distance from its periphery. 
Near the periphery the typical porphyritic 
granitoid rock may pass into facies which, in 
the absence of a more appropriate name, may 
be called biotite granite porphyry. Such por- 
phyry (PI. XVI, A) is characteristic of the 
copper-bearing area north of Bloody Tanks, 
drained by Liveoak Gulch, and of the southern 
border of the granitic area near the schist con- 
tact south of the Schultze ranch. The lobe- 
like projection of the biotite granite extending 
northward past Needle Mountain, west of 
Miami, shows much textural variation, passing 
into facies in which very conspicuous ortho- 
clase phenocrysts lie in a medium granular to 
fine granular, rather biotitic groundmass. A 
few of the orthodase phenocrysts are 4 or even 
5 inches in length, and such large crystals 
always show rounded outlines and more or less 
peripheral poikiUtic texture. 

A typical specimen of the graniie porphyry 
near the schist contact, 2 miles south of the 
Schultze ranch, shows idiomorphic phenocrysts 
of orthoclase and quartz in a fine-grained 
groundmass consisting chiefly of white feldspar, 
quartz^ and biotite. The orthoclase pheno- 
crysts occur in apparently untwinned indi- 
viduals of the usual orthoclase habit and have 
a maximum length of about 2 centimeters. 
The quartz phenocrysts are of slightly rounded 
bipyramidal form and rarely exceed 5 milli- 
meteiB in length. 

Under the microscope the rock shows a 
typical porphyritic texture. Phenocrysts of 
orthoclase, quartz, plagiodase (mostly oligo- 
clase); and biotite lie in an extremely fine 
granular groundmass, such as is common in 



"quartz porphyries" but was hardly expected 
in a facies of so crystalline a plutonic rock as 
the granite of the Bloody Tanks area. The 
quartz phenocrysts, too, are embayed, as is 
conmion in rhyolitic effusive rocks. The ortho- 
clase is usuaUy untwinned, idiomorphic, and 
fairly fresh, although all the feldspars contain 
some sericite and indeterminable alteration 
products. The biotite is almost wholly altered 
to chlorite, epidote, and iron ore. 

A chemical analysis of this porphyry is 
given in colimm 2 of the table on page 60. 
The practical identity of the magma which 
solidified as porphyritic biotite granite in the 
middle of the batholith and as granite porphyry 
at the contact with the schists is apparent 
from a comparison of analyses 1 and 2. The 
modification is textural and perhaps to some 
degree mineralogic, but there has been no 
appreciable magmatic differentiation. 

The porphyry of Liveoak Gulch has been 
much shattered and veined and is extensively 
stained with salts of copper. In its petro- 
graphic character it is similar to that just 
described, but all gradations may be found 
along the Western Pass road near Bloody 
Tanks from porphyries with microcrystalline 
groundmass to the typical biotite granite of 
the central portion of the batholith. 

QUABTZ MONZONTFE POBPHTBY. 
DISTRIBUTION AND OCCURRENCE. 

The quartz monzonite poiphyry is confined 
to the vicinity of Ray and occurs for the most 
part west of that town. Two varieties are 
recognized. One, designated the Qranite 
Mountain porphyry, is intrusive into the 
Pinal schist southwest of Ray as a number of 
irregular masses, of which the largest forms 
part of Granite Mountain. (See PI. XLV.) 
There are also two small bodies of this rock 
east of Ray, shown in Plate XLV. Most of 
the altered porphyry in the copper-bearing 
area west of Ray appears to belong to this 
variety, although, owing to alteration, close 
identification is not everywhere possible. 

The other variety, distinguished as the 
Teapot Mountain porphyry, occurs chiefly 
northwest of Ray and north of the recognized 
copper-bearing area. One small mass only, 
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that about a mile northeast of Ray, is repre- 
sented on Plate II. But, as shown by the 
Ray geologic map (PI. XLV), which covers 
an area extending west of the Ray quadrangle, 
there are many dikes and one irregular mass of 
considerable size exposed on the flanks of Tea- 
pot Mountain, a prominent landmark north- 
west of Ray. 

PETROGRAPHY. 

o&AVZTS MoxnrrAZxr po&pht&y. 

The quartz monzonite porphyry west of 
Ray is a light-gray, nearly white rock, which 
on slightly weathered surfaces has generally a 
faint yellow tint and closely resembles some 
of the Schultze granite. This lightness of hue 
is due to the preponderance of feldspar and 
quartz, the only dark constituent being black 
mica in small and sparsely disseminated scales. 

The texture of the larger masses, such as that 
intrusive into the schist of Granite Mountain, 
resembles on casual inspection that of a por- 
phyritic granite of medium grain, with pheno- 
crysts of orthoclase and quartz not, as a rule, 
sharply differentiated from the groimdmass. 
The microscope, however, reveals a typical 
porphyritic texture. The most abimdant 
phenocrysts are plagioclase, which probably 
are not all of the same composition but which 
are for the most part andesine or calcic oligo- 
clase. These phenocrysts are euhedral to 
subhedral, and their average length is about 
1.5 millimeters. The phenocrysts of quartz, 
as a rule partly roimded or embayed, are gen- 
erally larger than the plagioclase, and the 
orthoclase phenocrysts are still larger, some 
being 2 or 3 centimeters in length. They are 
not abundant, however, and do not appear in 
every thin section. The biotite phenocrysts 
are of the usual subhedral form. The ground- 
mass is a fine, equigranular aggregate of quartz 
and clear orthoclase, and is approximately 
equal in volume to the phenocrysts, or, more 
briefly, the texture is sempatic. The average 
diameter of grain in the groundmass is about 
0.1 millimeter. In addition to the principal 
minerals the porphyry contains small quantities 
of titanite, apatite, magnetite, and zircon. 

A chemical analysis of a representative 
sample from the east base of Granite Mountain, 
1 mile southwest of Humboldt Hill, is as follows : 



Chemical ona^m of quartz monzonite porphyry. 
[R. C. Wells, analyst.] 

SiOa 70.52 

AlaO, 15.64 

FejOa 77 

FeO 1.31 

MgO 66 

CaO 2.49 

NajO 3.96 

KgO 8.72 

HjO below 110** 36 

HaO above 110** 88 

TiOa 27 

Zr02 None. 

CaO "None. 

PA 09 

S Trace. 

MnO 02 

BaO 03 

SrO None. 



100.62 



In the norm quantitative system this rock 
is toscanose. 

TXAPOT MoxnrrAZV pobpktkt. 

Closely associated with the Granite Moun- 
tain porphyry of Ray is a slightly different 
variety of quartz monzonite porphyry, which 
occurs for the most part north and west of the 
copper-bearing area, on the southeast slopes 
of Teapot Mountain, as dikes and irregular 
masses in the Pinal schist. 

This rock (PI. XVI, B) is, as a rule, a Utile 
darker in color than the Granite Mountain 
porphyry and is more obviously porphyritic. 
The general color of the fresh rock is gray, but 
smf ace exposures are generally light yellowish 
brown from decomposition. Contrasting 
sharply with the gray groundmass are pheno- 
crysts of pink orthoclase as much as 3 centi- 
meters in length. These are associated with 
smaller phenocrysts of quartz and of milky- 
white feldspar. 

Under the microscope the matrix in which 
occur the large orthoclase crystals itself shows 
phenocrysts of plagioclase, orthoclase, quartz, 
and biotite in a very fine grained gramdar 
groundmass that is probably chiefly quartz 
and orthoclase. A single twinned crystal of 
allanite about 0.65 millimeter long was noted 
in one thin section. Although this porphyry 
is younger than the Granite Mountain por- 
phyry, it is more subject to decomposition 
than that rock, and ordinary exposures do not 
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afford satisfactory material for petrographic 
and chemical study. The feldspars are largely 
changed to calcite and sericite and the biotite 
to chlorite and epidote. 

CONTACT METAMORPHISM. 

The contact action of the quartz monzonite 
porphyry near Ray is most apparent on the 
diabase, which, near the porphyry, glistens 
with abundant secondary biotite. This altera- 
tion is of the same sort as that produced by 
quartz diorite porphyry ia diabase near the 
London-Arizona mine, and is described on page 
64. Altered diabase of the kind referred to 
may be well seen on the dump of the Blue Bell* 
shaft, southeast of the town of Ray. 

GSANODIOBITS. 
OCCUBBENCE AND DISTBIBUTION. 

The almost abandoned settlement of Troy, 
in the Dripping Spring Range, is situated in a 
small upland basin floored with granodiorite 
and inclosed by hills of diabase and Paleozoic 
sediments, into which the granodiorite is in- 
trusive. The principal area of this granite- 
like rock is roughly pear-shaped in outline, 
with the point to the east. Its length is IJ 
miles and its greatest width nearly 1} miles. 
A small outlying area half a mile northwest of 
Troy, although inclosed at the surface by 
Pioneer shale, is probably part of the maiu 
Troy mass. 

PETBOOBAFHT. 

The granodiorite of Troy (PL XVII) is a 
light-gray evenly granular rock whose principal 
constituents, easily recognized as plagioclase, 
quartz, and black mica, average about 3 
millimeters in diameter. Although over much 
of the surfaces of the basin the rock is dis- 
integrated and cnunbling, it is not difficult to 
procure material that is fresh or that shows 
imder the microscope only slight development 
of epidote and chlorite in the biotite or of cal- 
cite and sericite in the feldspars. 

In thin section imder the microscope the 
rock appears as a granular aggregate of 
andesine (near AbgAnj), quartz, orthoclase, 
biotite, hornblende, titanite, magnetite, and 
zircon. With the exception of the quartz and 
orthodase, which are anhedral, the principal 
constituents are subhedral, and some of the 



hornblende shows automorphic sections in the 
prism zone. The minerals have the usual 
character of those found in rocks of this class 
and call for no detailed description. The 
orthoclase and hornblende are both rather 
variable, being fairly abundant in some facies 
and inconspicuous or absent in others. They 
are nowhere, however, other than subordinate 
constituents. 

A chemical analysis of a typical sample of 
the granodiorite, from a poiat half a mile 
northeast of Troy, is as follows: 

Chemical analysis of granodiorite, 

[R. C. Wells, analyst.] 

SiOa 64.84 



AlaO, 

FejO, 

FeO 

MgO 

CaO 

NajO 

KjO 

HjO below 110^ C 
HjO above 110^ C 

TiOa 

ZrOj. 



16.49 

1.87 

2.28 

1.58 

4.54 

4.18 

2.46 

19 

98 

50 

01 

COa Trace. 

PA 1» 

S None. 

MnO 06 

BaO 02 

SrO None. 

UjO None. 

100. 19 

The name in the norm system for a rock of 
the above composition is yellowstonose. 

The rock of the httle area half a mile north- 
west of Troy resembles that of the main 
masS; although it is slightly finer grained and, 
as the microscope shows, approaches grano- 
diorite porphyry in texture, 

CONTACT METAMORPHISM. 

The most noticeable metamorphism near the 
granodiorite of Troy is on the northwest 
side of the intrusive mass, where the igneous 
rock is in contact with fine-grained gray 
schist. This schist is not unlike some of the 
finer-grained varieties of the Pinal schist, but 
its geologic relations at this place show that 
it is locally metamorphosed Pioneer shale. 
The schistosity conforms to the bedding of 
the former shale, dipping about 15° SW. 

One specimen of the schist, when examined 
in thin section, proved to consist of quartz. 
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biotite, and musoovite with andalusite in long 
ragged prisms and rather abundant corundum 
in grains, granular aggregates, and larger 
individuals without external crystal form. 
The corundum is colorless in thin section but 
contains numerous dark inclusions. Its index 
of refraction was determined to be above 1.736 
(that of the highest refractive index liquid at 
hand), while the birefringence is low, only 
slightly exceeding that of quartz. The mineral 
gives a uniaxial interference figure and is 
optically negative. It was found to have a 
density greater than that of methylene iodide 
(approximately 3.3) and remains as a residue 
when the powdered rock is treated with hydro- 
flUbric acid. These properties together estab- 
lish the identity of the mineral as corundum 
beyond any reasonable doubt. 

Other specimens from the same small area 
of schist showed neither andalusite nor corun- 
dum, although all contain a little dark tour- 
maline as a microscopic constituent. 

The schist is overlain by the Barnes con- 
glomerate, which is so metamorphosed as to be 
scarcely recognizable. It looks at first glance 
like a nearly homogeneous white quartzite, 
and close examination is required to distin- 
guish the shadowy outlines of the original 
pebbles. 

The diabase near the granodiorite in places 
shows noticeable alteration. It is more glit- 
tering than the normal diabase and evidently 
contains abimdant biotite. The microscope 
shows that this rock, while retaining the gen- 
eral texture of the diabase, has imdeigone 
extensive recrystallization. The original feld- 
spars have a reddish turbidity and are full of 
minute inclusions. The augite and olivine 
have totally disappeared and are replaced by 
aggregates of green hornblende and biotite. 
There is considerable clear secondary feldspar, 
generally in optical continuity with the original 
feldspar and containing flakes of biotite and 
needles of amphibole. The rock is perfectly 
fresh, and it is clear that the change was pro- 
duced by a more active agency than those 
which effect the ordinary uralitization of 
pyroxenic rocks. 

Certain of the ore deposits near Troy are to 
be interpreted as the results of contact meta- 
morphism by the granodiorite magma. Such 



are the deposits of the Rattlesnake or Man- 
hattan mine, 1 mile east of Troy, on the South 
side of the granodiorite area. Here magnetite, 
chalcopyrite, and pyrite occur as irregidar re- 
placement layers in the Mescal limestone, 
which has been altered to an aggregate of 
diopside, white mica, and other silicates. The 
chaicopyrite has been in part changed to 
chalcocite, and the white mica apparently to a 
green micaceous mineral of the chlorite group, 
probably clinochlore. The white mica, although 
suggestive of muscovite, is probably not that 
mineral and may be a colorless phlogopite. No 
detailed study has yet been made of the 
'metamorphic minerals at this locality. 

QVAXTZ DIOBITB POSPHTBY. 
OCCURRENCE AND DISTRIBmON. 

The rocks here included under the heading 
quartz diorite porphyry are widely distributed 
over the Ray quadrangle as dikes, sills, and 
small intrusive masses. In dikes they are 
abundant in the vicinity of Troy and are 
likely to attract the attention of a traveler over 
the stage road, from the fact that they crop 
out in the granodiorite area as narrow ridges 
of darker color than the surrounding granitic 
rock. The general trend of the dikes near 
Troy is nearly due east, but in the vicinity of 
the Alice and Buckeye mines, southwest of the 
settlement, some of the dikes branch, into 
nearly north fault fissures. The width of 
most of the dikes is between 10 and 100 feet. 

Intrusions of this porphyry are abundant 
also between Tarn o' Shanter Peak and Gila 
River. In this part of the Mescal Range the 
porphyry cuts the andesite tuff and has in- 
vaded the Tornado Umestone both as dikes 
and sills. The ore deposits of the London- 
Arizona mine and at Christmas appear to be 
genetically dependent upon the quartz diorite 
porphyry. 

PETROGRAPHY. 

More or less decomposition is so prevalent 
a feature of the quartz diorite as to be one of 
its chief characteristics, and the crumbling 
condition of most surface exposures makes 
it difficult to collect satisfactory petrographic 
material. Furthermore, in view of the facts 
that the porphyry in different parts of the 
same dike may be wholly unlike in color and 
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texture and that the mineralogic and chemical 
distinction between quartz diorite porphyry 
and other members of the dioritic and monzo- 
nitic families is at best not sharp, it is obvious 
that among the many intrusive bodies mapped 
as quartz diorite there are possibly a few that 
belong to other rock types. Probability, not 
infallibility, is all that can be claimed for the 
classification of some of these bodies. 

The typical quartz diorite porphyry (PI. 
XVIII, A), as exemplified by some of the 
larger dikes near Troy and by the intrusive 
bodies of various form near the London-Arizona 
mine and near Christmas, is a rather light gray 
speckled rock within which may readily be seen 
phenociysts of white feldspar, of black mica, 
and of quartz, whose relative size and abun- 
dance of these constituents is generally in the 
order named. The phenocrysts rarely exceed 
a centimeter in length and as a rule are smaller. 
They lie in a gray groundmass apparently 
composed in part of the same minerals. Some 
varieties show hornblende, but it is generally 
not abundant or conspicuous. Small crystab 
of rosin-yellow titanite have bdfcn noted in one 
or two specimens. With the progress of de- 
composition the bright granitic gray color 
chaises to various shades of greenish or yel- 
lowish gray in consequence of the development 
of epidote and chlorite. 

Under the microscope in .thin section the 
typical fresh porphyry shows subhedral phe- 
nocrysts of andesine (near AbaAui) and biotite, 
with rounded or embayed phenocrysts of 
quartz and generally a few phenocrysts of 
hornblende which may bo intergrown with the 
biotite. These lie in a fine granular ground- 
mass consisting chiefly of quartz and plagio- 
clase granules under 0.3 millimeter in diameter, 
with more or less biotite and hornblende and 
the usual accessory minerals magnetite, apa- 
tite, titanite, and zircon. AUanite appears to 
be a characteristic though sparsely dissemi- 
nated cpnstituent of the porphyry, but it is 
not present in every thin section. The largest 
crystal seen was a millimeter in length. 

Comparatively few thin sections show all the 
above-mentioned minerals in fresh condition. 
The feldspars are as a rule partly altered to 
sericite and oalcite, the biotite is partly or 
wholly changed to chlorite and epidote, and the 

103866'— 19 6 



hornblende is represented by aggregates of 
calcite, epidote, and chlorite. 

Deviations from the type are many and 
varied. Some facies are finer grained, some 
show no quartz phenocrysts to the naked eye, 
others show prominent phenocrysts in an 
aphanitic groundmass, and stiU others are 
almost aphanitic throughout* 

A common facies among the dikes in the 
Troy basin is characterized by abundant 
phenocrysts of dull, slightly pinkish feldspar 
and of rounded quartz, the largest 1 centimeter 
in diameter, with inconspictlous phenocrysts 
of hornblende and biotite, in a dark greenish- 
gray aphanitic groundmass. The microscope 
shows that the pink feldspar is not, as its ap- 
pearance at first suggests, orthoclase but is 
plagioclase, probably andesine, largely altered 
to kaolinite, calcite, and sericite. Hornblende, 
rather more abundant in the groundmass 
than in the typical quartz diorite porphyry, 
has been for the most part changed to epidote 
and chlorite. Biotite, in this facies less abun- 
dant than in the typical variety, has been 
altered to the usual secondary products. 

Dikes, resembling those just described in 
being more homblendic than the typical 
quartz diorite porphyry, occur in diabase, 
about a mile west of Kelvin. 

«Some of the wider dikes near Troy grade on ^ 
their niargins into fine-grained facies having 
very little resemblance to the main rock of the 
dike. This gradation is shown exceptionally 
well by the dikes south and west of bench 
mark 3,644. The marginal facies is generally a 
compact greenish-gray or brown rock with 
minute phenocrysts of hornblende in an 
aphanitic groundmass. Some varieties show 
also small phenocrysts of plagioclase and 
biotite. The rock has invmably an original 
rough cleavage parallel wi^ the sides of the 
dike and has acquired by weathering a pro- 
nounced platy structure. Under the micro- 
scope these marginal rocks are seen to be much 
decomposed and to contain abundant calcite, 
chlorite, and other secondary products, but 
there appear to have been originally small 
'phenocrysts of plagioclase and hornblende in .a 
groundmass consisting chiefly of tiny felted 
laths of plagioclase. Were the rocks fresher the 
dikes of Troy would provide the material for an* 
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interesting study of local magmatic differentia- 
tion. As it is, however, little more oan be done 
than to call attention to the marked differ- 
ence in general character between the medial 
portions and sides of the dikes and to point out 
that the maiginal facies are more homblendic 
and less quartzose than the typical quartz 
diorite. * 

Two specimens- from a dike 125 feet wide, 
just "south of the settlement of Troy, were 
partly analyzed, as follows: 

Partial chemical amdyaes of quartz dioriU porphyry. 



SiOo.. 

Feb.. 
MgO.. 
CaO.. 
Ma.0. 

Tib,.. 



} 



68.26 
15.91 

.87 
2.11 
a65 
2.80 

.29 



96.93 



69.90 
«21. 48 

4.44 

2.16 
4.02 
8.38 
2.82 



9&20 



a Ineludfis any PsOt and TlOt. 

1. Quartz diorito porphyry from middle of dike. B. C. 
WellB, analyst. 

2. Marginal facies of above. W. T. Schaller, analyst. 
Both rocks contain calcite, epidote, and chlorite. 

The fine-grained rock that forms a marginal 
facies of some of the larger dikes also occurs by 
itself as dikes of considerable width, some of 
these being wider than the combined width of 
the two lateral facies of the large differentiated 
dikes. A specimen from one of these dikes, 
half a mile north of Troy, being the freshest 
dike rock obtainable, was selected for chem- 
ical analysis. This rock shows small pheno- 
crysts of andesine (less than 5 millimeters) and 
smaller ones of biotite in a^ compact slate-gray 
groundmass. Tex%rally it is intermediate 
between the ordinary marginal facies and the 
porphyry described on page 65. The micro- 
scope shows phenocrysts of andesine, horn- 
blende, partly chloritized biotite, apatite, and 
magnetite in a fine andesitic-looking felds- 
pathic groundmass. Quartz is absent, and 
the specimen in this respect is representative 
rather of the marginal facies than of the tjrpical 
quartz diorite porphyry. The analysis is as 
follows: 



Analysii of diorite porphyry, 

[W. T. Schaller, analyst.] 

SiO, 65.30 

AljO, 15.92 

FeaO, 1.37 

FeO 2.1SI 

MgO 1.59 

CaO 3.89 

Na,0 '. 4.01 

Kfi a 08 

HaO below no** C 34 

HjO above no® C 78 

TiOa 50 

ZrOj None. 

CO, 27 

PA 29 

S 20 

CrjOs None. 

MnO 06 

BaO 12 

SrO None. 

liiO None. 

99,90 

Among the quartz diorite porphyry dikes 
near Cane Spring, shown on Plate II, are a 
few thin, short dikes of compact greenish-gray 
andesite. As Dheir importance scarcely war- 
rants an individual color and as they were 
perhaps intruded at the same time as the other 
dikes, they are mapped as quartz* diorite por- 
phyry. 

CONTACT MBTAMOBPHISM. 

Notable contact metamorphism has been 
produced by the intrusion of quartz diorite 
porphyry in the vicinity of the London-Arizona 
mine, in the southern part of the Ray quad- 
rangle, and at Christmas, just east of the 
quadrangle. Near the London-Arizona mine 
the diabase close to the porphyry has the glit- 
tering appearance that denotes the develop- 
ment of secondary biotite and in places has 
become a dark biotite schist. The alteration 
is the same in kind but more intense than that 
near Troy described above. Here and there 
in the Carboniferous limestones, not every- 
where in actual contact with the porphyry but 
in all probability a consequence of its intrusion, 
are masses of garnet rock. About a mile 
southwest of the London-Arizona mine the 
dump of the London Range shaft, in Tornado 
limestone, shows considerable thulite, the 
pink manganese epidote, associated with some 
common epidote. This occurrence b perhaps 
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aiso due to the intrusion of the quartz diorite 
porphyry, although none of that rock is visi- 
ble at the surface at this place. 

At Christmas the copper deposits are of 
contact-metamorphic origin, occurring in the 
Tornado limestone in close association with 
quartz diorite porphyry. The principal sul- 
phides are pyrite, chalcopyrite, and sphalerite 
associated with garnet, magnetite, serpentine, 
diopside In granular and in part radial micro- 
scopic aggregates, and calcite. It is Ukely 
that other silicates than those mentioned are 
also present, as the mineralogy of the deposits 
has not been fully studied. A little bomite 



tenas lo support the suggestion on pages 51-52 
that the monzonite may be older than the other 
post-Paleozoic granitic rocks of the region. 

The chemical variation in these rocks is 
shown diagrammatically in Plate XIX. 

WHITBTAIL CONQLOME&ATE. 

In the reports on the Globe quadrangle the 
Whitetail formation was described as a deposit 
of rather coarse and in many places somewhat 
angular stony detritus that lay in the hollows 
of a former land surface and together with that 
surface was covered by dacitic lava. The 
material is generally of local origin and varies 
with the underlying rock. It appears to have 



Chemical analyses of poH-Pcleozoic granitic rocks and related porphyries of the Globe-Ray region. 



SiOo 

A1,0, 

MgO 

CaO 

NajO 

KaO 

HjO below 110*» C 
mo above 110*> C 

TiOj 

ZrO, 

CO, 

PA 

SO3 

FeSa 



70.95 

16.30 

1.01 

.36 

.23 

1.86 

5.16 

3.34 

.26 

.37 

.23 

Trace. 



Trace. 
Trace. 



S. 

Cr,0,, 

MnO. 

BaO.. 

SrO.. 



Trace. 



Trace. 
.04 



UaO, 



100.10 



70.62 

16.64 

.77 

1.31 

.66 

2.49 

3.96 

3.72 

.36 

.88 

.27 

None. 

None. 

.09 



Trace. 



.02 

.03 

None. 



69.36 

16.71 

1.18 

.43 

.36 

1.79 

4.78 

3.63 

1.17 

.97 

.19 

Trace. 
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15.84 

1.14 

.56 

.24 

1.96 

4.56 

3.69 

.86 

1.49 

.22 

.01 
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.07 



99.71 



None. 
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13.68 

2.63 

1.81 

1.10 

2.61 

2.94 

4.04 

.70 

.87 

.69 

.01 
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68.26 
16.91 

3.04 
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65.30 

15.92 

1.37 

2.19 

1.69 

, 3.89 

4.01 

3.08 

.34 

.78 

.50 

None. 

.27 

.29 
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.20 

None. 

.06 

.12 

None. 

None. 
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64.84 

16.49 

1.87 

2.28 

1.68 

4.54 

4.18 

2.46 

.19 

.98 

.60 

.01 

Trace. 
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None. 

None. 
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60.42 

17.27 

2.60 

3.47 

2.30 

6.36 

3.U 

2.34 

.40 

.86 

.83 

None. 

None. 

.20 

None. 
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100.46 



1. Schultze granite, 1 mile west of Schultze ranch, Globe quadrangle. £. T. Allen, anal^t. 

2. Granite ^untain porphyry (quartz monzonite porphyry), Granite Mountain, Ray district. R. 0. WeUs^ analyst. 

3. Granite porphyry (facies of Schultze granite), 2 miles south of Schultze ranch. £. T. AUen, analyst. 

4. Granite porphyry, 4^ miles south of Schultze ranch. £. T. Allen, analvst. 

5. Lost Gulch monzonite (quartz monzonite), Lost Gulch, Globe quadrangle. W. F. Hillebrand, analyst. 

6. Quartz diorite porphyry dike in granodiorite, Troy, Ray quadrangle. R. C. Wells, q^yst. 

7. Diorite porphyry dike in granodiorite, half a mile north of Troy. W. T. Schaller, analyst. 

8. Granodiorite, Troy, Ray quadrangle. R. C. Wells, analyst. 

9. Quartz diorite, 2 miles northwest of Kelvin, Ray quadrangle, George Steiger, analyst. 



and chalcocite were noted; the latter clearly of 
supergene origin. 

COMPARISON OF THE GaAITITIC BOCKS. 

The accompanymg table of chemical analyses 
shows the close relationship existing between 
the post-Paleozoic granitic rocks and porphyries. 
The Lost Gulch monzonite is lower in alumina 
than the others and differs from them also in 
containing more potassa than soda. This 



accumulated particularly on areas of diabase, 
and in such situations is i^ade up of angular 
or very imperfectly rounded fragments of that 
rock with a minor proportion of limestone 
fragments. The fragments are as much as a 
foot in diameter and are generally more or less 
decomposed. Typical aspects of the White* 
tail formation are shown in Plate XX. 

The formation is the record of the operation, 
prior to the dacite eruptions, of forces and 
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processes similar to those that afterward, on 
a larger scale, accumulated the Gila conglon^- 
erate, which in some places is almost identical 
with the Whitetail. Apparently then as now 
areas of diabase tended to become lowlands 
and were strewn more abundantly than at 
present with stony detritus, locally reworked 
and partly stratified by transient streams. 
Betrital fans at the mouths of shallow gulches, 
merging with the stony litter of an arid sur- 
face, were covered by the tufif and lava of the 
(lacitic eruptions and so preserved. In the 
absence of fossils a rough approximation to the 
age of the Whitetail formation, deduced from 
the general physical history of the region, is 
all that is possible. As it lay on the surface 
over which the probably early Tertiary dacitic 
lavas were erupted, it also is referred to the 
same period. 

Excellent places to observe the Whitetail 
formation are the steep slopes of Teapot 
Mountain near Ray (PL XTJII, ^1) and near 
the Continental mine, in the northwestern part 
of the Globe quadrangle. 

BACITE. 
OOOURBENCE AND DISTBtBUTION. 

Dacite covers large areas and is widely distrib- 
uted in the Globe quadrangle but in the Ray 
quadrangle occurs only at the north end of the 
Dripping Spring Range. The mass through 
which Mineral Creek has cut its gorge north of 
Ray is merely the southern extremity of a thick 
and extensive flow whose surface may be seen 
from any of the summits north of Scott Moun- 
tain stretching in ru^ed desolation for many 
miles to the northwest. (See PI. XXI, -4.) Into 
this thick mass of lava Mineral Creek and its 
tributary, Devils Creek, have incised deep, 
narrow canyons of notably picturesque char- 
acter. The main jKnliion of this flow is faulted 
down against the older rocks of the Dripping 
Spring Range, but outlying remnants rest here 
f^id tiiere on the higher parts of this range 
ncnrth of Scott Moimtain, and a considerable 

, Bfea of dacite, partly covered by the Gila con- 
glomerate, extends southward to the vicinity 
of Ray. 

. , Originally this flow probably covered most 
of the Globe quadrangle ^nd much of the Ra^ 

. quadrangle, but its conti4ui|ty has beep, greatly 
reduced by faulting- The majdmum thi.okness 
is unknown, but existing remnants show that 



it must have exceeded 1,000 feet. In spite of 
vigorous pbstda<Htic deformation of the region, 
it is dear that the flow was poured out over 
an irregular surface in whose ravines and val- 
leys the TVhitetail formation had previously 
accumulated. 

The basal portion of the dacite is well ex- 
posed 2 miles northwest of Walnut Spring, 
where a small body of this rock caps a promin- 
ent flat-topped sununit in the Dripping Spring 
Range and rests partly on diabase and partly 
on the Mescal limestone, with here and there a 
little of the Whitetail formation intervening. 
Here the lower 3 or 4 feet of the dacitic forma- 
tion consists of a light pinkish-gray, rather 
soft rock, wiiji small sparkling flakes of black 
mica and fragmtots of diabase and limestone. 
It closely resembles the typical dacite, presently 
to be described, but is a shade lighter in color 
and, as shown by the microscope, is a glassy 
dacite tuff. Above this is a 12 to 15 foot layer 
of a brittle, nearly black ?ritrophyre, with 
resinous luster, which is a persistent and 
characteristic feature at the base of the lava 
flow. This grades upward into the typical 
pink dacite, which maintains its lithologic 
character with scarcely any variation wherever 
it occurs in the Globe and Ray quadrangles. 

In Webster Gulch, north of Miami, between 
the Warrior mine and the Inspiration mill, 
the dacite rests on a deposit of soft dacite tuff 
with layers of diabase fragments and brown 
clay. The material, owing to its softness, is 
poorly exposed, but there appear to be at least 
four or five layers of the diabase detritus, some 
of which are separated by pink dacite tuff. 
The total thickness of the tuff, diabase frag- 
ments, and clay may be 150 feet or more. The 
deposit appears to be a very small one, and 
presumably the material was washed into a 
local basin before and during the dacitic erup- 
tions, being covered finally by the dacite flow. 
The deposit is of special interest as containing 
the chrysocoUa ores of the Warrior and Geneva 
mines. 

PETROGRAPHY. 

In natural exposures the dacite has a very 
characteristic light pinkish-gray color. It has 
a tendency to weather into lar;ge^ boulder-like 
masses, forming , characteristically rocky .sur- 
faces, which, as suggested by Plate XXI, B, are 
difficult of traverse. Many of thesie loose 
masses are over 6 feet in diameter, and, owing 
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to differential weathering of glassy lithoidal 
portions of the rock, they show curiously pitted 
exteriors. The origin of the boulders is 
traceable to a rather irr^ular division of the 
rock into rude cuboidal blocks by systems of 
joints, which may not be visible until brought 
out by initial disintegration. Such joints can 
well be seen in the cliffs along Mineral Creek, 
in the northwest comer of the Ray quad- 
rangle, and at the Sixtysix ranch, in the 
southwest comer of the Globe quadrangle, 
where various intermediate stages may be ob- 
served betwenen angular joint blocks and 
rounded boulders. As a rule, the weathering 
of the dacite is a very superficial process, 
being confined to the disintegration of exposed 
surfa^. Decomposition has rarely pene- 
trated the rock for moi;^ than a fraction of an 
inch. / 

The color of the freshly fractured dacite 
(PL XVTII, B) is light gray, usually of a de- 
cided pinkish tinge, with small streaks or 
blotches of nearly white material. The rock 
is harsh to the touch and at first glance ap- 
pears to be more porous than it actually is. 
It is firm and tough rather than hard and 
brittle, and being easily quarried and fairly 
durable, it makes a good building stone. 
Owing to the small size of the phenocrysts, 
few of which exceed 3 millimeters in length, 
the porphyritic stoicture is not conspicuous, 
and the rock has a rather uniform textiu*e. 
Small included fragments of other rocks may 
be locally abundant, and most of these are 
diabase. Such inclusions are particularly nu- 
merous and well exposed in a little gorge, cut 
through the eruptive rock 1^ miles northeast 
of Government Spring, in the Globe quad- 
rangle; but there are few masses of the dacite 
that do not contain some of these fragments. 

Close examination of a fresh sxu^ace of the 
dacite shows numerous phenocrysts of feldspar, 
many of which have the striated cleavage 
faces of plagioclase, although a few are ap- 
parently orthoclase (sanidine). Sparkling 
hexagonal scales of biotite, rarely over a milli- 
meter or two in diameter, are scattered 
through the rock, though their number varies 
considerably in different specimens. Pheno- 
crysts of quartz are invariably present but are 
. not conspicuous, and occasionaly small black 
phenocrysts of hornblende can be detected. 
All the phenocrysts are embedded in a dull- 



pinkish semilithoidal matrix, which gives the 
general tint to the rock. 

Under the microsdope the prevalent pinkish ■ 
variety of the dacite shows vitrophyric struc^ 
ture. The phenocrysts of feldspar, quartz, ^ 
and biotite, and a few of hornblende are in- 
closed in a streaky or ropy isemiopaque glassy 
groundmass, showing the beautiful billowy 
flowage Unes characteristic of this structtu'e in 
andesitic and rhyohtic rocks. 

The feldspars, which are principally plagio- 
clase, are all more or less rounded in outline 
from magmatic corrosion. They are perfectly 
fresh and clear and range in composition from 
labradorite (AbiAua) to andesine (AbgAna). 
Zonal structinre is common and the outer shells 
are less calcic than the inner. 

The potassic feldspar is much less abundant 
than the plagioclase and is the clear, vitreous 
variety of orthoclase commonly known as 
sanidine. It has been more strongly corroded 
than the plagioclase and presents rounded or 
even embayed outlines. It shows the usual 
cleavages, optical orientation, index of refrac- 
tion, and birefringence of orthoclase, but so 
far as observed is not twinned. It is generally 
more irregularly cracked than the plagioclase, 
and fragments of the broken crystals have 
occasionally been displaced by movement of 
the magma. The ratio of the andesine and 
labradorite to the orthoclase is probably 
greater than 10 to 1. 

The quartz presents no features of excep- 
tional interest. It is deeply embayed and des- 
titute of all crystal boundaries, as is common in 
rocks of this type. It is perhaps a little more 
abimdant than the orthoclase but much sub- 
ordinate to the plagioclase. 

The biotite is the common conspicuously 
pleochroic variety, with the strong absorption 
usual in andesitic rocks. Some of it shows 
magmatic alteration, which has involved not 
only the outer surface of the crystal but its 
whole mass. This altered mica has lost part of 
its color and pleochroism, the lamellae have 
frayed out at the ends and spUt apart, and the 
whole is filled with specks of opaque iron oxide. 
Intergrowths between the different phenocrysts 
are not unconupon and rarely quartz and andes- 
ine form micropegmatite. The accessory con- 
stituents are a green hornblende, occurring in 
small prismatic crystal fragments, apatite, 
titanite, zircon, and a little magnetite. 
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The gronndmass of the dacite is glassy and, 
npJ^j<^|)hstafQding the thickness which the flow 
jp^Wp |xave attained, nowhere exhibits more 
th^ incipient crystallization. Globulites, 
trichitesy feldsipathic microspherulites, and an 
indeterminate ferritic dust which renders the 
groundmass semiopaque and gives the pink 
tint to the rock are common. In some speci- 
mens the groundmass shows the minutely 
divided and shadowy double refraction charac- 
teristic of the devitrification of siliceous glasses 
into obscure aggregates of quartz and feldspar; 
but distinct well-formed crystals of younger 
growth than the evidently intratelluric pheno- 
crysts do not occur. The rock is a vitrophyric 
biotite dacite and belongs with the hyalodacites 
of Bosenbusch.^ 

A chemical analysis of a typical specimen of 
the biotite dacite collected a quarter of a mile 
north of the Old Dominion mine, in the Globe 
quadrangle, is given below: 

Chemical analysis of dacite,* 
[E. T. Allen, analyst.] 

SiOa 68.75 

AljOa 15.48 

FejOa 2.50 

FeO 44 

MgO 56 

CaO... 2.23 

NaaO 3.89 

KaO 3.88 

HaO below 110*» C 79 

HjO above 110'' C 57 

TiOa 50 

ZrOj 03 

COj../. None. 

PA 06 

SOj None. 

CI....: 03 

FT None. 

S None. 

OjO 1 None. 

NiO None. 

MnO 02 

BaO 08 

SrO None. 

_ <»• 

99.82 

In the norm quantitative system of classifica- 
tion and nomenclature the dacite is toscanose. 

It has been noted on page 68 that there is at 
the bottom of the dacite flow a more glassy 
facies, with megascopic flow banding. This 
rock ranges in color from light gray to dark 

1 Mlkroskoplache Physlographie der maasige 0«6telzifi, 3d ed., pp. 
944-848, 1S96. 
•U.S. Geol. Survey Prof. Paper 12, p. 92, 1908. 
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gray or black. In many apecimans the band- 
ing is obviously due to the alternation of 
streaks of glistening black glass with those of 
more Uthoidal material. Small included rock 
fragments^ particularly of diabase, are perhaps 
more numerous in this facies than in the more 
common pink dacite described in the preceding 
pages. The phenocr3rsts recognizable by i^e 
unaided eye are of the same kind as those of 
the pink rock. 

Under the microscope this glassy dacite is 
seen to differ from the pink facies chiefly in the 
groimdmass, which, being less crowded with 
incipient crystal growths, is more transparent 
and is, as a rule, a pale-brown, slightly globu- 
litic or trichitic glass. Microscopic flow struc- 
ture is developed in great perfection and 
beauty, and the rock is typically vitrophyric. 
The phenocrysts are the same as in the more 
lithoidal dacite, but green hornblende occurs a 
little more abundantly in the thin sections 
examined and is in a few sections nearly as 
abundant as the biotite. The other accessor}' 
minerals are zircon, apatite, J;ltanite, and iron 
oxide, as in the common lithoidal dacite. 

Here and there a yet more glassy facies is 
associated with the dark vitrophyre i'ust do- 
scribed. This is a gray brittle volcanic glass 
of greasy luster in which can be seen small 
phenocr3rst8 of fresh feldspar, quartz, and 
biotite. Under the microscope the rock ap- 
pears as a colorless perlitic glass containing 
scattered phenocrysts of plagioclase, orthoclase^ 
quartz, and biotite and minute microlites of 
feldspar. 

Some of the tuff that occurs locally at the 
base of the massive dacite is exceedingly 
troublesome to separate in the field from the 
overlying massive dacite. It is particularly 
difiicult to separate the white or slightly pink- 
ish tuff that immediately underlies the gray 
vitrophyric dacite. This is a firm rock that 
shows small crystals or fragments of feldspar, 
quartz, and biotite in an abimdant, uniformly 
fine-grained base. It might easily be taken for 
a massive lithoidal rhyolite. Under the micro- 
scope fractured or corroded crystals of plagio- 
clase, biotite, hornblende, and quartz are seen 
to lie thinly scattered in a dusty-gray glassy 
groundmass that somewhat indistinctly reveals 
the reentrant curves and sharp points of minute 
glass sherds — the characteristic structure of 
glassy volcanic ash. In parts of the Globe 
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quadrangle this tufF has undergone some de- 
composition. With nicols crossed it is seen 
that very little true glass remains, the ground- 
mass having been changed into a veiy minute 
aggregate of indefinite and shadowy ciystal 
forms. Calcite, which is imknown in the 
massive dacite^ is here abundant, not only 
throughout the devitrified glassy base but as 
an alteration product of the plagiodase. In 
thi^ alteration there is none of the general 
clouding and breaking down of the feldspar, as 
is often seen in weathered rocks, but the calcite 
is separated by a sharp boundary from the per- 
fectly clear and fresh plagiodase at the expense 
of which it is forming. 

In the Globe quadrangle also some tuffs 
occur below that just described. These as a 
rule are plainly clastic rocks of light-gray or 
pale-yellow tints, varying in lithologic char- 
acter from point to point. The microscope 
shows them to be glassy volcanic ashes, con- 
taining fragments of the same minerals that 
occur as phenocrysts in the dacite, with scat- 
tered particles of diabase or other foreign rock, 
inclosed in a devitrified glassy base. In most 
places they contain abimdant calcite. 

AGE. 

There are no available data for fixing the 
exact date of the dacitio eruption. It is known 
to have occurred after the irruption of the 
granitic, monzonitio, and dioritic rocks of the 
region. On the other hand, it clearly preceded 
the deposition of the Gila conglomerate and 
the development of the present topography. 
The dacite is therefore considered as probably 
of Tertiary age. 

aiLA CONQLOMEAATS. 

The Gila conglomerate as it occurs in the 
Globe quadrangle has been fully described in 
pubhcations on that area.^ ijeologically it is 
a deposit of exceptional interest, but in the 
present report, where the aim is to supply in 
this portion simply a geologic setting for the 
description of the copper deposits, the forma- 
tion will be rather briefly treated. A more 
detailed accoimt, with fuller discussion of the 
significance of the deposit, is planned for the 
forthcoming Ray f oho. 

1 Ransome, F. L., Geology of the Globe copper district, Arif.: U. B. 
Qeol. Survey Prof. Paper 12, pp. 47-57, 1903; U. S. GeoL Survey QeoL 
Atlas, Globe foUo (No. Ill), pp. 5-6, 1904. 



The Gila is essentially a fluviolacustrine de- 
posit consisting of coarse, imperfectly roimded 
or angular rock detritus near the mountains 
but grading into gypsif erous silts in the central 
portions of the larger valleys. 

The general character of the Gila formation 
as it occurs within the Globe quadrangle is that 
of a firm but not hard conglomerate, the ma- 
terial of which ranges in coarseness from boul- 
ders or angular masses 8 or 10 feet in dianieter 
to fine sand. As a rule it is roughly stratified, 
but individual beds show httle persistence, 
layers of conglomerate passing into sand or 
vice versa. Some of the pebbles are well 
rounded and probably were derived for the 
most part from one of the Paleozoic conglom- 
erates, but most of them are subangular or 
angular, and the formation might in places be 
termed a sedimentary breccia. Lawson' has 
called such material fanglomerate. Although 
the Gila conglomerate has in places been sub- 
jected to considerable defonnation and erosion, 
it is obviously in the main a deposit laid down 
in the existing valleys and extends in eharao- 
teristic long dissected slopes up the flanks of 
the ranges from which its materials were de- 
rived. A typical slope of this land is that on the 
northeast versant of the Pinal Range, south of 
Miami, shown in Plate XXII, 0-D. 

The Gila conglomerat^is well exposed \mder- 
ground on the 420-foot and deeper levels of the 
Miami mine near the No. 4 shaft. Here it 
consists almost exclusively of fragments^of 
Schultze granite and Pinal schist with varying 
proportional of sandy matrix. The fragments, 
which reach 6 feet in diameter, are subangular, 
and the material as a whote is poorly assorted, 
large boulders in many places lying next to 
layers of cross-bedded silt. The bedding, ex- 
cept in the sand layers, is indistinct, although 
the large schist fragments are generally slabby 
and he roughly parallel. 

In the Ray quadrangle the Gila conglomerate 
is well developed and plays a more conspicuous 
part in the landscape than in the Globe quad- 
rangle. Dissected slopes of the conglomerate 
in Dripping Spring Valley are shown in Plate 
IV, and nearer views of the material in Plate 
XXII, A and B. In the middle part of this 

s LawsQD, A. C, Fanglomerate, a detrital rock at Battle Mountain, 
Nev. (abstract): Geol. Soc. America Bull., vol. 23, p. 74, 1912; also, Tlie 
petrographic designation of alluvial-fan formations: OgJifarnia Univ. 
Dept. Geology Bull., vol. 7, pp. 325-^34, 1913. 
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yalley coarse material is in places overlain by 
brown silts and sandy clays, in part pebble 
bearing and containing at least one bed of 
impure diatomaceous earth. These silty beds 
grade both downward and laterally into the 
usual coarse angular detritus. They evidently 
record the former existence of a lake in which 
the finer materials brought down by torrential 
streams from the neighboring mountain sides 
settled quietly to the bottom. Evidence of 
contemporaneous stream channeling is clearly 
shown in some exposures of the conglomerate, 
as may be seen in Plate XXIII. It is not 
always easy to distinguish such contemporane- 
ous stream cutting from later channeling and 
filling accomplished by streams during the 
general dissection of the conglomerate. 

South of Ray, along Mineral Creek, the Gila 
conglomerate is harder than in most other 
parts of the Ray quadrangle and has weathered 
into steep bluffs Snd picturesque rounded 
towers of which Big Dome (PL XXIV, B) is a 
good example. The character of this material 
is shown in Plates XXIII, B, and XXV. 
Overlying the dacite north of Ray is a coarse, 
irregularly bedded rubble of dacite, quartzite, 
and limestone :&agment8, above which lies 
about 200 feet of weU-^tratified tuffaceous 
beds composed mainly of glassy dacite detritus. 
This material was prelsumably washed from the 
upper part of the dacite flow beneath it. All 
the conglomerate in this part of the Ray quad- 
r^Qgle contains abimdant dacite fragments, 
and in places, as near Government Spring or 
Mineral Creek, in the southwest comer of the 
Globe quadrangle, layers of glassy tuffaceous 
detritus are interbedded with the coarse con- 
glomerate. The tuffaceous beds, considered by 
themselves, might be taken as indicative of a 
continuance of dacitic eruptions during the 
accumulation of the Gila conglomerate, but it is 
more accordant with the history of deforma- 
tion in the region to conclude that those erup- 
tions had ceased and that the particles of 
glassy dacite were eroded from the sohdified 
lava and swept by streams into depressions 
where they accumulated, probably in part in 
short-lived lakes. 

Some of the coarsest material noted in the 
Gila conglomerate is on the east fork of Mineral 
Creek, near the northern border of the Ray 
quadrangle. Here one partly rounded mass 



of granitic rock from the Pinal Range measured 
about 7 by 10 by 25 feet and was estimated to 
weigh 300 tons. As a rule, the higher the 
neighboring mountains and the more massive 
and resistant their rocks the larger the frag- 
ments in the Gila conglomerate. 

In the southwestern part of the Ray quad- 
rangle, southwest of Gila River, the Gila 
formation shows a greater thickness of dis- 
tinctly bedded strata than in any other locality 
studied. The general dip is to the east-north- 
east at about 30^, but along the east side of the 
older rocks of the Tortilla Range the dip is in 
places fully 75°. 

The beds are of varied composition. Prob- 
ably the most abundant material is a brownish- 
gray conglomerate in rather thin beds in whidi 
the coarse constituents are angular fragments 
of andesite, andesitic porphyries, and limestone. 
Many of these fragments are 2 feet or more in 
diameter, and some of the masses were olv- 
served to lie partly in one bed and partly in 
another, as if they had been thrown inde- 
pendently into the accumulating material. 
The matrix of these blocks and imperfectly 
rounded boulders is a poorly washed brown- 
gray sand in which grains of minute size are 
mingled with larger particles and fragments of 
all sizes up to the blocks mentioned. The 
material of the sand is partly granitic and 
partly andesitic. The granitic material prob- 
ably came from the west or south, and the 
andesitic material from the east or southeast. 

The variety of the conglomerate above de- 
Icribed is not very different, so far as material 
is concerned, from that east of Gila River in 
the vicinity of Hayden. The conglomerate 
there also contains much andesitic material 
but is not so weU bedded as that between 
Branaman station wd Hackberry Spring. 

Associated with the prevailing variety of 
sedimentary maierial between Branaman and 
Hackberry Spring were observed one bed, 
about 1 foot thick, of fine-grained creamy- 
white sandstone, and, a little higher in the 
series, another thin bed of Ught-gray tuff. The 
sandstone consists chiefly of sharply angular 
particles of quartz with a few minute flakes of 
brown biotite. The tuff tmder the microscope 
shows fragments of pyroxene, feldspars of vari- 
ous kinds, biotite, and bits of andesite or basalt, 
in a groundmass of partly devitrified glass 
sherds. 
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Near Hackberry Spring (see PL 11) the Gila 
formation consists of well-bedded coarse sand- 
stone, composed almost entirely of partly 
rounded granitic cnimbs derived from the 
coarse pre-Cambrian granite of the Tortilla 
Range. Along the upper, north-^outh portion 
of Hackberry Wash the Gila is prevailingly 
reddish and sandy and occurs in beds for the 
most part about a foot thick. These beds con- 
sist largely of andesitic detritus and contain 
some fragments of andesite as much as 2 feet 
across. A view of these beds as exposed on the 
east side of Hackberry Wash is shown in 
Plate XXVT, A, Stratigraphically imder them 
and lapping up against the Paleozoic rocks to 
the west (PL XXVI, B) is fully 100 feet of soft, 
crumbling brownish-gray sandstone and sandy 
shale. There is much faulting in this vicinity, 
and the silty material is probably faulted 
against the older rocks and is not the real base 
of the Gila formation. Where the basal part 
of the formation is exposed, as farther north 
along the east side of the Tortilla Eange, it 
consists of coarse fragments of obviously local 
derivation. The brown sand and shale is made 
up principally of mineral particles derived from 
the granite of the range. 

In the extreme southwest comer of the Ray 
quadrangle is a synclinal basin of Gila con- 
glomerate surrounded for the most part by hills 
of pre-Cambrian granite. This basin is drained 
by the intermittent Ripsey Wash, near the 
mouth of which, about 3 miles west of Kelvin, 
the Gila formation may be seen resting on the 
granite. Here the formation consists of light 
pinkLsh-gray tuffaceous-looking beds carrying 
fragments of granite in a matrix composed 
largely of volcanic material, apparently dacitic. 
The beds vary much in thickness, ranging from 
shaly seams to strata measuring over 6 feet. 
Other facies appear farther south. Much of 
the material is a coarse breccia, the beds of 
which are thick and rather vaguely laminated. 
Blocks of granite 3 feet in greatest length are 
embedded in coarse granitic sand or in a mat- 
rix of granitic and dacitic debris. In places 
beds of soft sandstone or fine silt separate the 
coarser layers. 

The beds southwest of Gila River are in part 
so different from the Gila conglomerate in other 
parts of the quadrangle and are as a whole so 
much better stratified that my inclination at 
fijst was to regard them as a distinctly older 



formation, probably having an unconformable 
relation to the Gila. No evidence of uncon- 
formity, however, could be detected, and the 
well-bedded material appears to grade upward 
and laterally into Gila conglomerate of the 
common variety. Evidently the basin in 
which deposition took place in the southwest- 
ern part of the Ray quadrangle was excep- 
tionally deep, and rapidly accumulating coarse 
fluviatile material graded at times into finer 
sediments laid down in comparatively still 
water. 

The deformation of these beds is considered 
trader "Structm-e" (pp. 75-80). 

The accumulation of the Gila conglomerate 
is clearly indicative of intensely active erosion 
consequent upon the period of vigorous def- 
ormation that outlined the present moimtains 
and valleys of the region. As a result of the 
block faulting and earth movements that fol- 
lowed the eruption of the dacite, the mountain 
ranges were much higher than at present and 
the larger or structinral valleys much deeper. 
Consequently the stream grades were steep and 
the erosive and transporting powers of the run- 
ning water were far greater than they are now 
in the same region. Possibly the greater height 
of the mountains was accompanied by greater 
precipitation than at present, but the general 
character of the deposit points to a .decided 
preponderance of mechanical disintegration 
over rock decay and to an arid rather than a 
humid climate. 

The same indication is afforded by the occm*- 
rence of gypsum associated with the silty facies 
of the Gila formation on Salt River north of 
the area here specially considered. To one 
familiar with the intensive work occasionally 
accomplished in a few hours by the fierce rush 
of local storm water along one of the present 
streamways there appears to be little necessity 
to require any great increase in precipitation 
to accoimt for the deposition of the Gila con- 
glomerate under the conditions of waste supply 
and grade then prevailing. Some increase 
there may have been, but not enough to make 
the conditions of plant growth, rock disinte- 
gration, erosion, transportation, and deposition 
very different in kind from those of to-day. 

The thickness of the Gila formation varies 
greatly from place to place, and probably no 
measiu*ement gives the true maximum. Be- 
tween Hackberry Spring and Gila River near 
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Branaman station a simple computation^ based 
on the average dip of 30^ to 35° and the width 
of outcrop, gives a thickness of 7,500 to 8,500 
feet, say, 8,000 feet. This is on the supposi- 
tion that the beds near the base of the section 
continiyB northeastward under the beds ex- 
posed near the river and, that there has been 
no duplication by faulting or folding. It is 
quite possible that some of the lower beds are 
of slight areal extent, but any considerable 
duplication could hardly have escaped notice. 
The foregoing estimate does not take account 
of the 3 ^mile belt of Gila conglomerate between 
Branaman station and the Dripping Spring 
Bange to the northeast. Near the river there 
is certainly several himdred feet of this con- 
glomerate that is stratigraphicaUy higher than 
the beds southwest of the river. The total 
thickness of these upper deposits and the extent 
to which they are underlain by the more regu- 
larly bedded material exposed southwest of 
them could be determined only by boring. 

In 1910 some borings were made near Hay- 
den with a^ view to obtaining a water supply 
for the reduction works then building. Drill 
hole No. 1 started at an elevation of 1,950 feet 
above sea level on the flood plain of the Gila, 
went through 80 feet of sand and gravel and 
then through 770 feet of Gila conglomerate, 
in which it was abandoned. Drill hole No. 2, 
which was started at an elevation of 2,097 
feet in the gulch near the power house, pene- 
trated 920 feet into the conglomerate and was 
abandoned in that formation. No. 4 shaft of 
the Miami mine is 710 feet deep, all in Gila 
conglomerate. 

In 1915 a chiun-drill hole 20 inches in di- 
ameter was begun by the Miami Copper Co. 
about 1,600 feet east-southeast of No. 4 shaft. 
It was intended to drill through the conglom- 
erate in order to explore the underlying schist, 
' which was estunated to lie at a depth of about 
2,300 feet. The hole attained a depth of 
2,050 feet, all in conglomerate, and then had 
to be abandoned, in October, 1916. The con- 
glomerate apparently is of the same general 
character from top to bottom of the hole. 
Probably the drill would have penetrated 
dacite before reaching the schist. 

About a mile southeast of the A shaft of the 
Old Domision mine a drill hole in 1915 went 
through 1,000 feet of Gila conglomerate, which 
was ascertained at this place to be xmderlain 



by quartz diorite (Madera diorite), possibly 
overthrust material. (See p. 77.) 

No identifiable fossil remains were foimd in 
the Gila conglomerate of the Globe-Ray area 
in the course of the investigations upon which 
this report is based. A few small crumbling 
particles of bone, however, noted near the 
head of Dripping Spring Valley, show that the 
deposit is not wholly devoid of animal remains. 
The formation has generally been regarded as 
probably of early Quaternary age. The pres- 
ent investigation has brought out no evidence 
requiring a revision of this supposition, unless 
the great thickness and deformation of the 
beds southwest of Gila River are considered 
as incompatible with assignment to the yoimg- 
est of the geologic periods. In 1906 Dr. 
T. Shields CoUins, of Globe, forwarded to the 
Survey a fossil bone said to have come from 
the Gila conglomerate near that town. J. W. 
Gidley, of the National Museum, to whom it 
was referred for determination, reported that 
it is the distal half of the right humerus of an 
extinct species of horse, probably Equns compli- 
catiia, and is indicative of Pleistocene age. 

BASALT. 

During the Reposition of the Gila conglom- 
erate there were minor outpoinrings of basalt. 
The largest body of this rock, a flow from 50 
to 150 feet thick, in an area of conglomerate 
about 5 miles west of Miami, near the western 
border of the Globe quadrangle, has been fully 
described in the Globe folio. 

BXCENT DEPOSITS. 

Detrital accumulations younger than the 
Gila formation and probably referable to the 
later part of Quaternary time include certain 
sheets of imconsolidated or only partly con- 
solidated rock waste that have been consider- 
ably dissected by the present intermittent 
streams and now form sloping terraces or low 
flat-topped ridges. These are particularly well 
developed in the neighborhood of Ray and are 
well shown on the geologic map of Ray and 
vicinity (PL XLV). Some rather small rem- 
nants of these terraces are shown in Plate 
XXVII, A, More extensive ones may be 
seen north of Sharkey Gulch, west of Mineral 
Creek. The material forming the tops of 
these terraces has been derived from the 
adjacent hill slopes and merges with the 
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ordinaiy stony detritus of those slopes. It 
represents a series of low-angle confluent 
alluvial fans formed during a halt in the dis- 
section of the Gila conglomerate. Terraces 
along Mineral Creek south of Ray (see PI. 
XXVII, B), on one of which the village of 
Kelvin is situated, and similar benches and 
mesas in the Gila conglomerate areas of the 
Gila and Dripping Spring valleys mark the 
same and perhaps other steps in the develop- 
ment of the present topography. As these 
terraces originally had wide ranges of slope 
and altitude, their close correlation by reference 
to sea level is impossible. 

Lower and younger than the terraces are 
the flood-plain deposits of the Gila and its 
principal tributaries. Alojig the river there 
are considerable areas of excellent agricultural 
land, but the tenure of this is imcertain, menace 
from flood being always imminent. Inimda- 
tions such as have deposited the silt are no 
respecters of himian occupancy and may de- 
stroy in a few hours the labor of years. Near 
Hayden large areas of ranch land have been 
utilized by the Ray Consolidated Copper Co. 
as a dumpmg ground for mill taUinp. 

In connection with recent deposits mention 
may be made of local conglomerates cemented 
by copper silicate and carbonates that occur 
along some of the streamways where they 
pass through areas of copper-bearing rocks. 
These occur at various elevations up to 50 feet 
or perhaps more above the present arroyo 
bottoms. They are stream gravels cemented 
by the action of cupriferous water that seeps 
slowly from the adjacent rock, and the process 
has probably continued up to the present time. 
These copper-bearing conglomerates may be 
seen in Copper Canyon, and with the vivid 
stains on the cliffs probably suggested the 
name of that ravine. 

STRUCTURE. 

GENERAL FEATURES. 

Some moimtains, such as the Appalachians, 
stand in relief because the neighboring valleys, 
with which they are in contrast, have been 
carved by erosion below a surface once broadly 
coincident with the present ridge crests. 
Others, such as those in southwestern Idaho 
and southeastern Oregon, which Russell ^ has 

^ Russell, I. C, Notes on the g^logy of soathwostem Idaho and sooth- 
eastern OregoQ: U. 8. Geol. Survey Bull. 217, -pp. ia-17, 1903. 



described, owe their prominence to direct uplift 
relative to the valley floors, and their forms 
^ have been modified only very slightly by nm- 
ning water. Still others, like Moxmt Shasta in 
California, are mountains of volcanic accxmau- 
lation, piled above an older surface. In 
actuality few if any moimtains belong exclu- 
sively to one of the three ideal types. Most 
exhibit some erosional modification, and as 
regards many of them it is difficult or impos- 
sible to decide whether deformation or erosion 
has had the lai^er share in their development. 

As shown in the general description of its 
topography, the Ray-Miami region is char- 
acterized by ranges trending nearly northwest, 
separated by detritus-laden valleys. This 
larger differentiation of the sTirf ace into ridges 
and troughs or mountains and valleys is a direct 
result of earth movements. The ranges are 
essentially tectonic features. Erosion, how- 
ever, has profoundly modified their primitive 
form, and all those details that attract the eye 
and are retainecT by the mind as pictures of the 
highland landscape are the work chiefly of 
streams, for the most part intem^ttent in tl^eir 
activity. So far as concerns the main valleys 
erosion has been merely incidental to the ex- 
tensive accumulation of rock waste washed 
from the neighboring mountain slopes or has 
been limited to the dissection of the material 
thus laid down. The depressions as a whole 
represent actual deformation of the Utho- 
sphere, not a mere carving of its surface. 

In a final analysis deformation of rocks 
imder stress takes place by fracture or flowage, 
or by some combination of the two processes. 
In a broader structural sense and without 
present consideration of that kind of flowage 
which is associated with the development of 
schistosity or with general recrystallizationy 
rocks may be deformed by folding or by fault- 
ing. In most regions both ot these Idnds of 
major deformation are exemplified and the 
character of the resultant structure depends 
upon the relative share of each. In the Ray- 
Miami region folding has played practically no 
part in the development of post-Cambrian 
structure. Faults, on the other hand, are ex- 
traordinarily numerous, and the characteristic 
structural unit is the tilted fault block. Such 
folding as has been observed in this region is 
apparent chiefly in the limestones and nowhere 
indicates strong compression, the resulting dips 
rarely exceeding 25°. It is exemplified gen- 
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ordiaary stony detritus of those slopes. It 
represents a series of low-angle confluent 
aUuvial fans formed during a halt in the dis- 
section of the Gila conglomerate. Terraces 
along Mineral Creek south of Ray (see PI. 
XXVII, B), on one of which the village of 
Kelvin is situated, and similar benches and 
mesas in the Gila conglomerate areas of the 
Gila and Dripping Spring valleys mark the 
same and perhaps other steps in the develop- 
ment of the present topography. As these 
terraces originally had wide ranges of slope 
and altitude, their close correlation by reference 
to sea level is impossible. 

Lower and younger than the terraces are 
the flood-plain deposits of the Gila and its 
principal tributaries. Alopg the river there 
are considerable areas of excellent agricultural 
land, but the tenure of this is uncertain, menace 
from flood being always imminent. Inunda- 
tions such as have deposited the silt are no 
respecters of himian occupancy and may de- 
stroy in a few hours the labor of years. Near 
Hayden large areas of ranch land have been 
utilized by the Ray Consolidated Copper Co. 
as a dumping groimd for mill tailings. 

In connection with recent deposits mention 
may be made of local conglomerates cemented 
by copper silicate and carbonates that occur 
along some of the streamways where they 
pass through areas of copper-bearing rocks. 
These occur at various elevations up to 50 feet 
or perhaps more above the present arroyo 
bottoms. They are stream gravels cemented 
by the action of cupriferous water that seeps 
slowly from the adjacent rock, and the process 
has probably continued up to the present time. 
These copper-bearing conglomerates may be 
seen in Copper Canyon, and with the vivid 
stains on the cliffs probably suggested the 
name of that ravine. 

STRUCniREL 

QENXSAL FEATT7BXS. 

Some mountains, such as the Appalachians, 
stand in reUef because the neighboring valleys, 
with which they are in contrast, have been 
carved by erosion below a surface once broadly 
coincident with the present ridge crests. 
Others, such as those in southwestern Idaho 
and southeastern Oregon, which Russell * has 

1 Russell, I. C, Notes on the geology of southwestern Idaho and south- 
eastern Oiegna: U. S. Geol. Surrey Bull. 217/pp. 13-17, 1903. 



described, owe their prominence to direct uplift 
relative to the valley floors, and their forms 
^have been modified only very sUghtly by run- 
ning water. Still others, like Moimt Shasta in 
California, are moimtains of volcanic accTunu- 
lation, piled above an older surface. In 
actuality few if any moimtains belong exclu- 
sively to one of the three ideal types. Most 
exhibit some erosional modification, and aa 
regards many of them it is diffictdt or impos- 
sible to decide whether deformation or erosion 
has had the larger share in their development. 

As shown in the general description of its 
topography, the Ray-Miami region is char- 
acterized by ranges trending nearly northwest, 
separated by detritus-laden vaJleys. This 
larger differentiation of the surface into ridges 
and troughs or mountains and valleys is a direct 
result of earth movements. The ranges are 
essentially tectonic features. Erosion, how- 
ever, has profoimdly modified their primitive 
form, and all those details that attract the eye 
and are retained by the mind as pictures of the 
highland landscape are the work chiefly of 
streams, for the most part intem^ttent in tl^eir 
activity. So far as concerns the main valleys 
erosion has been merely incidental to the ex- 
tensive accumulation of rock waste washed 
from the neighboring moimtain slopes or has 
been limited to the dissection of the material 
thus laid down. The depressions as a whole 
represent actual deformation of the litho- 
sphere, not a mere carving of its surface. 

In a final analysis deformation of rocks 
imder stress takes place by fracture or flowage, 
or by some combination of the two processes. 
In a broader structural sense and without 
present consideration of that kind of flowage 
which is associated with the development of 
schistosity or with general recrystallization, 
rocks may be deformed by folding or by fault- 
ing. In most regions both of these Idnds of 
major deformation are exemplified and the 
character of the resultant structure depends 
upon the relative share of each. In the Ray- 
Miami region folding has played practically no 
part in the development of postrCambrian 
structure. Faults, on the other hand, are ex- 
traordinarily numerous, and the characteristic 
structural ujiit is the tilted fault block. Such 
folding as has been observed in this region is 
apparent chiefly in the limestones and nowhere 
indicates strong compression, the resulting dii)8 
rarely exceeding 25°. It is exemplified gen- 
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erally by a slight sagging or arching of thie 
strata in some fault block. Where the Gila 
flows across the Ton^ado limestone in the< 
southeast comer of the Ray quadrangle the 
beds form a gently archmg anticUne with 
northwesterly axis, exposed for a width of 1} 
miles along the river. The dip is nearly hori- 
zontal on the southwest flank, where the lime- 
stone passes beneath the Gila conglomerate, 
and about 30° on the northeast flank, where 
cut by the river section. Many gentle minor 
folds are associated with the main anticline. 

Although faulting has been the dominant 
mode of deformation in the region, the moun- 
tains, as will presently be shown, are not 
merely uptilted blocks of the simple Great 
Basin range type, nor is the evidence for their 
tectonic origin of the obvious ocular sort that 
is immediately convincing. Before it is con- 
sidered the character of the faults in general 
will be briefly described and the structure of 
each range will be sketched in outline. 

FAULTS. 

Nomenclature oj fwaUa. — ^As there has been 
wide diversity in the use of terms used in de- 
scriptions of faulting, clearness can be attained 
only by an initial explanation of the nomen- 
clature to be followed in this report. All 
terms relating to faulting will be here used as 
reconmiended or defined by the committee on 
tho nomenclattu'e of faults of the Greological 
Society of America.* The application of some 
of the more important of these terms is illus- 
trated in figure 3. 

Evidence of fauUing. — ^In many regions the 
presence of faults is inferred as the most reason- 
able way of explaining certain observed struc- 
tural relations. In the Kay-Miami region the 
evidence as a rule is of a more direct character. 
The very topography of the Dripping Spring 
Kange, for exapiple, as stated on page 28, is 
indicative of intricate faulting. A distant 
view of the range suggests neither the sim- 
plicity of a single homoclinal block' nor the 
linear elements of form that we have learned 
to associate with mountains of folded strata. 
A view from any high point over parts of this 
range, or over much of the Globe quadrangle 

1 Geol. Soc. America Bull., vol. 24, pp. 18^186, 1913. 

< A homocUne is a block of bedded rocks all dipping in the same direo- 
tioD. See Daly, R. A., A geological recoimalssance between Odden 
and Kamloops, D. C, along the Canadian Pacific Railway: Canada 
QeoL. Survey Mem. 68, p. 53, 1915. 



is equally suggestive of dislocation. Thsu 
Globe report ■ contains the following . para- 
graph: 

If ona will stand upon the top of Webster Mountain and 
look northward or eastward over the confusedly hilly 
country spread out before him, he will be struck with the 
apparently chaotic distribution of the various rocks, as 
indicated by their respective and characteristic tints in the 
landscape. Here and there patches of limestone gleam 
white through the thin screen of scanty vegetation, while 
areas of quartzite are indicated by a reddish color, and 
masses of diabase by a dull olive tint. The beds show no 
trace of folding, and the eye seeks in vain for any pendstent 
or regular structure that may account for this rocky patch- 
work. * * * In traversing this faulted region one 
steps with bewildering frequency from quartzite to lime- 
stone, granite, or diabase, the line of separation being 
often clearly defined by a fault breccia, forming a bold 
outcrop that may be followed over the coimtry for miles. 
Probably few equal areas of the earth's surface have been 
so thoroughly dislocated by an irregular network of normal 
faults and at the same time exhibit so clearly the details 
of the fracturing. 




FiotTRS 3.— Diagram illustrating terms used in descrilring Diuilts. The 
upper and lower surfooes of the block are horixantal; the end fiaoes 
are vertical and at right angles to the fault strike, a, &, e, and d lie 
m the fault plane; e, /, and k in the end face. Let the pioint origlnaUy 
adjacent to a move to b; then od^sllp or net slip; e6«-dip slip; ac» 
strike slip; M^perpendicular slip; atf->tiBoe slip; /k— throw; et» 
heave. 

When the foregoing was written the Dripping 
Spring Range in the Ray quadrangle had not 
heen geologically mapped and studied. It dis- 
plays perhaps still better than any equally 
large area in the Globe quadrangle the fine- 
textured fault moaaic characteristic of the 
region. 

Indurated, boldly outcropping fault breccias 
mark the courses of many faults, particularly 
those that traverse quartzite or have quartzite 
in one waU. This brittle but weather-resisting 
rock is the great breccia maker. Even those 
faults that, at the surface, pass through other 
rocks than quartzite, may have quartziUo 

» U. S. Geol. Survey Prof. Paper 12, pp. »7-«8, 1908. 
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breccias, the fragments having been derived 
from some place along the break where the 
fissure passes through or beside that rock. A 
number of illustrations of fault breccias were 
published in the Globe report. Additional 
views of fault outcrops in the Ray quadrangle 
are given in Plate XXVIII. 

IHatributUm. — ^The faults are not evenly dis- 
tributed over the region here described. They 
are particularly numerous in the northern part 
of the Globe quadrangle and in the Dripping 
Spring Range but are comparatively rare 
or at least inconspicuous in the main mass of the 
Pinal Range and in the Mescal Range. These 
differences will be more fully brought out in 
describing the structure of each range. 

Directions of favlting, — ^The geologist after 
mapping the faults in a region studies their 
directions and tries to determine whether they 
can be classified into groups, each group char- 
acterized by a certain trend or strike. By this 
means he hopes to get some clue to the relative 
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FiouBX 4.— Diagram illustrating thrust oT Madera dlortte (pre- 
Cambrian) over dadte (Tertiary) near the Old Dominian mine. 

ages of the faults and to the character of the 
stresses that produced them. Without regard 
to any possible major fault that may be con- 
cealed by the Gila conglomerate, there appar- 
ently is no significant preponderance of faults 
having one direction of trend over those running 
in other directions. Here and there in the 
Ray-Miami region some of the principal faults 
are nearly parallel, but the direction of parallel- 
ism at one locaUty differs from that in another. 
For example, in the vicinity of Tornado and 
Tam o' Shanter peaks, in the Dripping Spring 
Range, the more persistent faults strike about 
N. 12® W., but at the north end of the same 
range the locally prominent fissures strike 
nearly N. SS*' E. 

Apparently no general and significant group- 
ing of the faults m the Ray-Miami region on 
the basis of common trends is possible. It 
follows that if the faults are of distinctly dif- 
ferent ages, discrimination must be based 



on other criteria than that of difference in 
strike. 

Dip. — Of the many faults that have been 
mapped in the course of the detailed geologic 
work on the Globe and Ray quadrangles, com- 
paratively few are so exposed as to permit a 
measurement of the dip of the fault fissure. 
As a rule the dips are high, mostly over 46°, 
and probably averaging about 70°. 

KiTid of movement, — ^The result of the move- 
ment has generally been what is termed a 
normal fault. To what extent the slipping has 
been up or down the dip (dip slip) or horizontal 
(strike slip) is rarely determinable. 

In a few places the displacement is of the 
reverse or overthrust type. One such fault 
near the Old Dominion mine, near Globe, has 
been described in another paper.^ Here a mass 
of shattered Madera diorite (pre-Cambrian) has 
been thrust from the southwest over dacite 
(Tertiary) up a plane of 37°. Only the thin 
edge of the upthrust block is now in part 
exposed, the greater part of the mass being 
buried under the Gila conglomerate, which was 
deposited after the faulting. The general 
relations are shown diagrammatically in sec- 
tion in figure 4. 

Another reverse fault is recognizable on the 
west bank of Mineral Creek, about a mile below 
the town of Ray. The relations here are 
shown in Plate XXVIII, B; the Pinal schist on 
the right or west has been thrust up over the 
smooth footwall of Dripping Spring quartzite 
on the left or east. The dip of tins footwall is 
about 45° W. The throw must be at least 150 
feet, for the Pioneer shale has been cut out. 

In Elder Gulch, 3 miles northeast of Kelvin, 
the Tornado limestone rests on pre-Cambrian 
granite, and the contact dips west at 15° or 
less. The limestone is disturbed and fissured. 
Although the younger rock here rests upon the 
older, it does not appear probable that normal 
slipping could take place on so low a slope, and 
the dislocation is supposedly due to thrusting. 
On the northwest the fault ends against an 
intrusive mass of quartz diorite, and about a 
third of a mile away on the southeast it ends 
against another fault that is apparently of 
normal type, with downthrow to the east. 

Running north from the east side of Tam 
o' Shanter Peak in the Dripping Spring Range 
is the outcrop of a fault that appears to record 

1 Ransome, F. L., Q^aiogy at Qlobe,' Ads.: Mln. and ScL Press, Feb. 
12, 1910, p. 357. 
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a thrust of the rocks west of it toward the 
north and east. The dip of the fault ranges 
along the strike from 20*^ to 46**. North of the 
peak the effect of the fault has been to cause 
the Troy quartzite to override the Dripping 
Spring quartzite, the diabase, and perhaps also 
the Mescal limestone, which does not appear 
at the surface. The front of the overthrust 
mass as seen from Dripping Spring Valley 
forms a rough scarplike outcrop, shown near 
at hand in Plate XXIX, A. A notable feature 
of this scarp is the imusual quantity of quartz- 
ite dfibris, much of it in huge blocks, that 
litters the slope in front of it. Evidently this 
material is residual and has been left by the 
erosional retreat of the edge of a flat-lying over- 
thrust mass. The material is too abundant to 
have been derived from the upthrown side of 
a steep fault scarp. Close inspection of the 
diff shows that the Troy quartzite is greatly 
shattered and jointed (PI. XXIX, B), and at a 
few places along the base of the cliff are 
exposed overhanging irregular billowy sur- 
faces of movement. The mass appears to be 
roughly spoon-shaped and to have been thrust 
forward to the northeast in the direction of its 

tip. 

The overthrust faults have been described in 
some detail, not because they are important 
structural features, but rather because they 
are exceptional and are of interest in their con- 
nection with deformation so preponderantly of 
another type. 

The part played by thrust faulting in any 
region is likely to be obscure, for unless the 
thrust plane crops out distinctly the existence 
of the fault may entirely escape notice. Even 
if the presence of a fault is known, its struo- 
tural importance can not always be estimated. 

Minor thrust faults are to be expected in a 
rogion of normal faulting, for as the blocks 
wedge together local thrusts are exerted and 
part of one block may be shoved over another. 
There is apparently no way of determining 
whether obscure thrust faults, such as that xiear 
the Old Dominion mine (p. 77 ) which disappears 
westward under the Gila conglomerate, and the 
one in the Live Oak ground (pp. 116-119), 
* belong to this group of minor or secondary 
dislocations. 

Such of the faults as are of special interest 
in connection with the ore deposits are de- 



scribed in the sections on the geology of the 
Ray and Miami districts. 

Amount of displacement. — ^The throws of the 
individual faults, exclusive of faults concealed 
by the Gila conglomerate, consideration of 
which is for the present postponed, are not as 
a rule very great. Probably few of them ex- 
ceed 1,000 feet. Along the west slope of the 
Dripping Spring Range one of the most per- 
sistent faults has been titiced from Hackberry 
Gulch,* 2 miles southwest of Troy, nearly to 
Rustler Gulch, north-northeast of Ray, a dis- 
tance of over 5 miles. Half a mile south of 
Rustler Gulch this fault brings Troy quartzite 
on the east against Pinal schist oi^ the west^ 
indicating a throw of 875 feet. In Susie D. 
Gulch, southeast of Ray, the same fault brings 
into juxtaposition the lower part of the Tor- 
nado limestone and the Mescal limestone, indi- 
cating a throw of 725 feet or more. 

The same strata are brought together half a 
mile west of Troy Mountain by a nearly north- 
south fault that crosses the Dripping Spring 
Range. A mile north of Troy a nearly east- 
west fault brings the Tornado limestone against 
the Dripping Spring quartzite, a throw of at 
least 975 feet, and in the same locality another 
fault brings the Devonian limestone against 
the Cambrian Pioneer shale, a throw of 1,100 
feet or more. One mile southwest of the 
London-Arizona mine a north-northwesterly 
fault has dropped the Tornado limestone 
against the basal portion of the Troy quartzite, 
a throw of 726 feet or more. A mile and a 
quarter north of the same mine the Tornado 
limestone in contact with the Mescal limestone 
shows a throw of at least 725 feet. The exam- 
ples given probably show more than the aver- 
age displacement of those faults in the region 
that are not concealed beneath the Gila con- 
glomerate. 

Relative ages, — ^The faults clearly are not all 
of one age. Many of them, so far as can be 
deteimined, do not displace the Gila conglom- 
erate. This appears to be generfdly true of 
the faults in the Dripping Spring Range. On 
the other hand, certain fault fissures north of 
Ray do out the conglomerate, and some faults 
in the Tortilla Range southwest of Gila River 
also appear to displace it. Many faults dis- 

1 Not the same as Hackbeny Wash or BaiAbnry Sprtag* south of 
Kelvlii. 



t»1'~ 










wM 




^ 


■".n^'i 5""'' 






T"^ 








,. ^ ' 












S. NEABEB VIEW IN 




IGLE 



Ar 



i? 



PROFESSIONAL PAPER 115 PLATE XXX 



Mescal Range 




Globe Hills 



^Black RMk 




B FEET 

I-7.000 



6.0OO 
-8.000 

4.0OO 

-S.OOO 

-8.000 

-1.000 
Sea, lerel 



GLE 



ElCapitan Mtn 



FEET 




^N MOUNTAIN 



IGNEOUS ROCKS 



.>^^ 



?) 




Qaarti diorite 



MESOZOIC? 



▼ V y 



ab* 



* V "V^ w V 
BL » 1» » V J» 



Diabase 



PRE-CAMBRIAN 



♦ ♦ ♦ 



Madera diorite 
(Quartz-mica diorite) 







Granite 
(Biotite granite) 



IMBfMVIO AMD PMMTn> rrTHK U.S<MatO«ICAL«U«VKV 



STRUCTURE. 



19 



locate the dacite, and from the extent of this 
displacement it appears probable that a large 
part of the faulting in the region is postdacitic. 
In a few places, however, fault fissures along 
which, in the older rocks, there has been con- 
siderable movement apparently pass under 
dacite without any disturbance of that rock. 
Such instances, however, are not numerous. 

Favliing and igneous intrusion. — ^To what 
extent faulting actually preceded the intrusion 
of diabase in Mesozoio time and prepared the 
way for the great shifting of blocks of strata in 
the liquid magma is unknown. The character 
of some of the contacts of the diabase with the 
other rocks suggests, however, that the invasion 
by the magma was facilitated to some extent 
by previous f aidting. Be that as it may, it is 
certain that at the time of the intrusion the 
beds, particidarly those beneath the Troy 
quartzite, were broken in rather extraordinary 
fashion into irregular blocks, and that these, 
after more or less movement in the magma, 
became fixed as huge inclusions in the solidified 
diabase, as may be well seen in the Mescal 
Range, in the northeast comer of the Ray 
quadrangle. 

At a number of places dikes of diorite 
porphyry have been injected along fault 
fissures. This is most dearly shown southwest 
of Troy, where the dikes in part follow fault 
fissures and in part fissures of no apparent 
displacement. 

Expression in topography. — ^None of the 
faults, so far as known, finds superficial ex- 
pression as a simple unmodified faidt scarp. 
Minor scarps such as are shdwn in Plate XXIX, 
exist here and there, but these are due to the 
erosion of the softer rock on one side of the 
fissure. .The rock which has undergone the 
greater erosion may or may not be on the 
downthrown side. 

That the steeper faces of some of the ranges 
may be erosionally modified and in part com- 
plex fault scarps is probable. The extent to 
which this may be true will be discussed later. 

Over minor drainage lines the faults appear 
to have exercised no direct control, and the 
ravines do not as a rule coincide with lines of 
fissuring. Yet the f aidting, by bringing into 
juxtaposition rocks of diverse behavior imder 
erosion, has in an indirect and irregular way 
conditioned much of the topographic detail. 
The minute and tmsystematic character of the 



fault dissection is reflected by a correspond- 
ingly irregular and intricate topography. The 
diabase and the granitic rocks are on the whole 
more readily eroded than the sedimentaiy 
rocks, and had the faulting been of such a 
character as to bring to the surface long belts 
of these rocks, the drainage would undoubtedly 
have shown some tendency to conform to their 
distribution. The existing fault pattern, how- 
ever, is too patchy, too lacking in linear ele- 
ments, and too much like a gigantic terrazzo 
pavement to influence appreciably or per- 
sistently the direction of stream erosion. Be- 
yond the fact that a majority of the fault 
outcrops cross promment ridges in swales or 
saddles, topography alone gives little clew to 
the course of a f aidt. 

OaiLse of the faulting. — ^Whatever the causes 
that led to the extraordinary faulting of the 
Globe-Ray region, they were probably not local 
and are not likely to be clearly understood 
untU our knowledge of the geology of Arizona 
19 much more comprehensive and accurate than 
at present. The outstanding fact is the con- 
trast between the broad, monotonous struc- 
tTu*al features of the Arizona Plateau and the 
jiunble of jostled fault blocks in the country 
here described along its southwest border. The 
faulting is imquestionably connected with the 
forces and movements that differentiated the 
Colorado Plateaus province from the basin and 
range province,^ and the question of its origin 
is a broad regional problem. Faulting of the 
kind described appears to be the result of col- 
lapse — of a widespread inability of the deeper 
rocks of the earth's crust to support their load. 
As a whole, however, the mountain region of 
Arizona does not appear to have subsided gen- 
erally with respect to the plateau. Had it done 
so its ranges might be expected to contain a 
large proportion of rocks younger than those 
exposed in the plateau scarp, and conditions 
would resemble somewhat those near El Paso, 
Tex., where, from the precipitous Franklin 
Moimtains, composed of Paleozoic and pre- 
Cambrian rocks, the eye may range for hun- 
dreds of miles into Mexico, where the only 
rocks visible are Mesozoic or younger. On the 
contrary, the rocks making up the ranges of 
the Arizona region, exclusive of Mesozoic and 
Tertiary igneous rocks, are to a large extent 

1 Preliminary map of the physiognphic divlsioos of the United States 
Assoc. Am. Qeographers Amuds, vol. 6, pi. 1, 1917. 



80 



COPPEB DEPOSITS OF BAT AND MIAMI, ABIZ. 



older than those exposed in the bounding cliffs 
of the plateau. North of Payson and about 
75 miles north-northwest of Miami, for example, 
the plateau surface is the Coconino sandstone 
(see PL XIII, p. 50) and has an elevation, near 
the brink, of about 8,000 feet. The Pinal 
Range attains nearly as great an elevation, but 
its crest is composed of pre-Cambrian rocks. 
In the Pinal Range, therefore, the pre-Cambrian 
rocks appear to have been elevated with respect 
to the same rocks in the plateau. Of course, 
75 miles is a long distance, even in Arizona, 
and it might not be safe to base a conclusion 
on this one comparison. The inference is in 
accord, however, with what has been observed 
elsewhere and at places much nearer the plateau 
edge, as in the Mazatzal Range and in the 
Sierra Ancha. In fact, the general impression 
gained from fairly extensive reconnaissance 

trips in this part of Arizona is that the pre- 
Cambrian rocks in the range region stand on 
the whole rather higher than in the plateau 
and in places are much higher. If this im- 
pression is correct, then it follows that the 
structTu*al collapse of the range region must 
have been preceded by an uplift in which the 
fundamental crystalline rocks were raised above 
the general level of the corresponding rocks 
imder the plateau. 

Notwithstanding the irregular character of 
the diabase intrusion, the prevalence of the sill 
form and the general parallelism of intrusive 
diabase sheets in pre-Cambrian granite with 
those in the overlying Paleozoic sedimentary 
rocks are approaches to regularity that would 
hardly be expected if the rocks at the time of 
intrusion were greatly faulted and if the sedi- 
mentary beds had their present dip. Along 
the northeast base of the Mescal Range, for 
example, there is a fairly r^ular sheet of dia- 
base in pre-Cambrian granite. This sheet dips 
southwest at about 20^, or approximately at 
the same angle as the dip of the stratified 
rocks on El Capitan. (See PI. II, p. 26.) If 
these beds were nearly horizontal when the 
diabase magma was injected, conditions of 
equal load might have caused the diabase in 
the granite to follow in places an approxi- 
mately horizontal plane of intrusion. If, on 
the other hand, the beds were then inclined 20® 
it is difficult to see what conditions could have 
induced the diabase to cut the structureless 



granite at so nearly the same angle. There 
appears to be a suggestion here that at the 
time the ^diabase was intruded the beds of the 
Ray-Miami region were nearly horizontal and 
the region itself was structurally a part of what 
is now the plateau. 

Presumably the extensive faulting that fol- 
lowed the eruption of the dacite in Tertiary 
time was coincident with part of the structural 
separation between the plateau and range 
regions. Whether it initiated this differentia- 
tion or merely accentuated a distinction that 
had already appeared is not known. 

THX MOUNTAIK SAKQXS. 

Apache Mountains. — ^About 4 miles north- 
east of the area shown on Plate 11 are the 
Apache Moimtains. These have the usual 
northwesterly trend of the ranges of the region, 
and their line is continued northwest of Salt 
River by the Sierra Ancha. Both ranges are 
structm^ally homoclines, with dip to the north- 
east, and are composed chiefly of Cambrian 
rocks with intrusive sheets of diabase and 
diorite porphyry. Between the Apache Moun- 
tains and Globe are the relatively low Globe 
Hills, which are shown in part on Plate II. 
These consist of Paleozoic and pre-Cambrian 
rocks ranging from coarse Archean granite at 
the base to the Tornado limestone at the top. 
The sedimentary rocks have been invaded by 
a huge irregular sill of diabase, and all the 
rocks, including some overlying dacite, have 
been displaced l^y numerous faults. 

Pinal Range. — The Pinal Range, southwest 
of the Globe Hills ajid separated from them by 
the area of Gila conglomerate traversed by 
Pinal Creek, is divisible into three portions that, 
superficially at least, present different tec- 
tonic features. The high middle portion of 
the range and some of the lower groimd to the 
northwest consist of the Pinal schist intri- 
cately intruded by the Madera diorite (quartz 
mica diorite) and other granijtic rocks. The 
quartz diorite in some localities is crowded with 
inclusions of schist, and the schist in places is 
cut by countless small offshoots from tiie main 
intrusive mass. This pre-Cambrian complex, 
within the area over which it is now exposed, 
together with the younger intrusive masses of 
Schultze granite, Willow Spring granite, and 
Lost Gulch monzonite, appears to have be- 
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haved substantially as a unit in the post- 
Cambrian movements to which the region has 
been subjected. 

North of this division is a part of the range 
that, as rather inadequately shown on the 
small scale of Plate II, is elaborately dissected 
by faults, so that rocks of very different ages 
from pre-Cambrian granite to Tertiary dacite 
are brought into juxtaposition in different 
blocks. The result is a fine-textiu^ fault 
mosaic such as is very characteristic of the 
region and is especially well illustrated in the 
Dripping Spring Bange, presently to be de- 
scribed. 

Overlapping the middle massive section of 
the Pinal Bange on the southwest and extend- 
ing southeastward toward Gila River is the 
third division, sometimes distinguished by a 
.separate name — the Mescal Bange. This, as 
may readily be seen from the cross sections of 
Plate XXX and from Plate III, is a homo- 
cline with dip of 20 ** to 25° southwesterly. 
The rocks involved range from pre-Cambrian 
granitic rocks exposed along the northeast 
base of the moimtains to the Tornado limestone 
lapping up on their southwest slope. Into 
these rocks, especially into the quartzites, shale, 
and limestone of the Apache group, has been 
intruded in intricate fashion a branching sheet 
of diabase, within which are included many 
isolated blocks of the invaded strata. 

El Capitan, the culminating simmiit of the 
Mescal Range in the Ray quadrangle, presents 
to the northeast a bold scarplike face (Pis. Ill 
and XXX), in which the edges of the south- 
westward-dipping beds are exposed. Part of 
the lowland which this peak overlooks to the 
north is occupied by some of the same rocks of 
which the main ridge of the Mescal Range is 
composed, and, lik^ the beds in that ridge, 
these also dip to the southwest. On the north- 
west they are faulted down against the schist 
and Madera diorite of the main Pinal mass. 
(See Pis. II and XXX.) In all probability 
another fault, concealed by the Gila conglomer- 
ate, boimds them on the southwest and ac- , 
oounts for their present position with reference 
to the strata of El Capitan. 

The second and third divisions of the Pinal 
Range may be considered broadly as a single 
structural unit, a homoclinal block. 

Dripping Spring Range. — Southwest of the 
Pinal and Mescal ranges and separated from 
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them by Dripping Spring or Disappointment 
Valley is the Dripping Spring Range. This 
range, the structure of which is necessarily 
generalized on the small scale of Plate II, 
is a remarkable example of a fault mosaic. 
The fault fissures intersect in all directions and 
form an intricate network. Although in some 
parts of the range it is possible to recognize 
the predominance of faults trending in some 
one general direction, the fault net as a whole 
does not appear to be susceptible of analysis 
into groups of fissiires classified on the basis 
of direction or age. 

In consequence of the generally excellent 
exposures and the readiness with whioh, as a 
rule, the different formations may be recog- 
nized by one familiar with their lithology, the 
major faults are not difficult to detect and can 
generally be traced for considerable distances, 
usually to the point where the dislocating 
fissure passes into rocks of one kind, meets 
another fault, or disappears beneath the Gila 
conglomerate. 

The detailed geologic map of the Ray 
quadrangle, not yet published, shows certain 
broad structiu'al features more clearly than 
the smaller-scale generalized map of Plate II. 
The part of the range lying east of the nearly 
north-south zone of faulting that passes just 
east of Tarn o' Shanter Peak shows a general 
progression from younger rocks in the south 
to older rooks in the north. In other words, if 
the irregularities due to minor faulting be dis- 
regarded, this part of the range is a homoclinal 
block with general dip to the south. A 
similar progression and structure is shown by 
the section of the range lying between the 
Tam o' Shanter Peak faidt zone and the zone 
extending northward past Steamboat Moim- 
tain to the Dripping Spring ranch. At the 
south end of this shattered block is the Cre- 
taceous andesite overlapping the Carboniferous 
limestone; at the north end is the Cambrian 
Pioneer shale. 

Between the fault zone last mentioned and 
the strong north-south fault that passes half 
a mile west of Troy Mountain is the section 
of the range that contains the intrusive 
granodiorite mass of Troy. This section shows 
some tendency toward the same southward- 
dipping homoclinal structure, but the irregu- 
larity of the minor faulting and doubtless also 
the structural effects of the granodiorite 
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intrusion almost completely mask this sug- 
gestion of uniformity. 

From Hackberry Gulch, 2 miles southwest of 
Troy, two conspicuous faults diverge north- 
ward. One is the fault already referred to as 
passing half a mile west of Troy Mountain. 
The other runs northwestward, passing about 
three-quarters of a mile east of Ray. Between 
these faults and stretching beyond their 
known extent to the north is a section of the 
range that shows the same stratigraphio 
descent from the Tornado limestone at its 
southern tip to the Pinal schist and Pioneer 
shale on the north. North of Scott Mountain, 
however, the intrusion of diabase and the 
numerous minor faults have introduced much 
structural irregularity. 

West of the block just described is a com- 
paratively small section of the range in the 



in the order just given is not known and per- 
haps can never be ascertained. 

TaHiHa Range.— ThB,t part of the Tortilla 
Range within the Ray quadrangle presents 
a rather striking difference in structure from 
the ranges just described. It is in the main a 
ridge of pre-Cambrian granite cut by various 
intrusive rocks. At its north end near Ray, 
where it coalesces with the Dripping Spring 
Range, it is composed largely of Pinal schist. 
In the southern part of the Ray quadrangle the 
granite is flanked on the east by the same 
Paleozoic beds that are found in the Dripping 
Spring and Mescal ranges, but in the Tortilla 
Range these beds have dips of 80° to 90° and 
consequently appear on the geologic map as 
inconspicuous narrow bands. These steeply 
upturned beds are considerably faulted, and 
at least a part of the faulting appears to 
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FiQURX 5.— Diagram Illustrating structure of tlie Final Range. HorlEontal and vertical scales the same. 



vicinity of Ray which has been uplifted 
relatively to the block east of it some 800 to 
900 feet. 

About 4 miles north of Ray a north-north- 
east fault drops the dacite on the northwest 
against the older rocks on the southeast. 

If a simple homoclinal range, tilted, like the 
Mescal Range, to the southwest, were cut into 
sections by north-south faults, each section 
being displaced so as to be from 500 to 1,000 
feet lower than its neighbor to the southeast, . 
and if, further, each section were cut by numer- 
ous minor faults into a correspondingly nimier- 
ous set of small blocks which imderwent con- 
siderable jostling and movement before they 
came to rest, the resulting structure would be 
approximately that of the Dripping Spring 
Range. Whether the movements took place 



have taken place after the deposition of the 
Gila conglomerate. The conglomerate itself is 
sharply upturned along the mountain flank, 
with dips as high as 60^. 

SyiDENCS THAT THE VALLBTS ABB TBCTONIC. 

As appears in the section across the Pinal 
Range in Plate XXX, the strata on the south- 
west side of the main pre-Cambrian mass dip 
regularly to the southwest at 20° to 25**. When 
these strata are projected upward, as indi- 
cated in the accompanying diagram (fig. 5), at 
the same general dip, with allowance for a 
fault or intrusion displacement at A, it will be 
seen that the base of the Pioneer shale, if ex- 
tended to B, would be about 3,400 feet above 
the summit of Pinal Peak and the base of the 
Tornado limestone would be about 7,400 feet 
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above the same summit. la tenna of. elev^ttlioii 
abo^e sea lerel the base of theCamfama would 
stand at 11,250 feet, where the Pinal Range 
is now. About 10 miles north-northeast of 
Pinal Peak and just northeast of the town of 
Globe, in the Globe Hills, these sanie Paleozoic 
rocks appear at altitudes of less than 5,000 feet. 
Without question these beds were once con- 
tinuous with those that lap up on the south- 
west flank of the Pinal Range. 

Two hypotheses readily suggest themselves 
in explanation of the present relation of the 
beds on the opposite sides of the range. It 
may be supposed that they swept over the 
crystalline rocks in a great arch, as indicated 
in figure 5; or it may be supposed that they 
continued upward, past the present crest of 
the range, at approximately the same dip of 
20^ to 25^, and that on the northeast they were 
cut off and dropped by a profound fault, a sup- 
position also illustrated diagrammaticMlly in 
figure 5. In either case, if the full movement 
indicated, either of folding or of faulting, took 
place at one time, before erosion could make 
much impression on the uplift, a range of 
enormous height must have resulted. In all 
probability, however, the range never had any 
such altitude as the diagram shows, but was 
worn down by erosion during a long period of 
alow uplift. 

There is nothing inherently improbable in 
the explanation of the present relations by 
former folding, but this hypothesis has to be 
considered with reference to other tectonic fea- 
tures of the region. Wherever the structure is 
exposed to view one of the most notable of 
such featiu*es, as has already been shown, is 
the practical absence of folding and the extraor- 
dinary abundance of faults. On all sides of 
the main Pinal mass of crystaUine rocks faults 
abound and folds are absent. If the part of 
the Pinal Range shown in section in Plate XXX 
is an eroded anticUne, then it is a remarkable 
exception to the general structure of the region. 
It might be urged that the intricate faulting so 
characteristic of the Globe and Ray quad- 
rangles is the result of the collapse of just such 
folds as the one here suggested. If so, the un- 
covered crystalline rocks of the Pinal Range 
should show a multitude of intersecting fault 
fissures, whereas in fact they appear to be 
unusually free from them. 



The second h3rpoihe8is, that the present 
structucal relation between the beds on oppo- 
site sides of the Pinal Range is the result of 
faultmg, appears to be more in accord with 
what is known of the general stnictiu'e, not only 
of the Globe-Ray region but of a more exten- 
sive area of which the two quadrangles men- 
tioned are merely a part. Ij may well be 
doubted, however, whether the displacement 
was effected by a single great fault such as is* 
indicated in the diagram of figure 5. In all 
probabihty an area of complex faulting under- 
lies the Gila conglomerate of the valley adja- 
cent to Globe, and the great total displace- 
ment, a throw of over 5 miles, was accom- 
plished by slipping along many fractures dis- 
tributed over a considerable period of time 
during which erosion actively attacked the 
mass on the upthrow side of the fault 2one. 

Similar reasoning to that just employed ap* 
plies also to the relation between the beds in 
the Mescal Range and the continuations of 
these same beds in the Dripping Spring Range. 
The southwest versant of the Mescal Range is 
virtually a dip slope, the Tornado limestone 
disappearing under the Gila conglomerate with 
a dip of about 20^. If Dripping Spring Valley 
were a synclinal trough, the Dripping Spring 
Range should be an anticlinal ridge. The 
range does not have that character, but as 
has been shown on page 81, is a much faulted 
homocline in which the rocks, if they weranot 
so thoroughly faulted, would have a similar 
attitude to those in the Mescal homocline. 

The part of the Tortilla Range within the 
Ray quadrangle is composed chiefly of pre- 
Cambrian granite, and there is Uttle to indicate 
the structural relation of this mass to the ad- 
jacent valleys. The nearly vertical attitude 
of the Paleozoic beds in the southwest comer 
of the quadrangle, the known presence of con- 
siderable faults in the same locality, and the 
steep upturning of the Gila conglomerate along 
the eastern flanks of the ridges, are all sugges- 
tive of faulting rather than folding as the kind 
of deformation that brought the range into 
existence. 

In order to establish the truth of the state- 
ment that the moxmtain ranges and principal 
vaUeys are tectonic features it is necessary, of 
course, to prove not only that the moxmtains 
owe their structiiral features mainly to fault- 
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in^ but tnat^the general effect of dislocation 
has'l)eeii tlie elevation of the monntain tracts 
relatively to the valley tracts. This to some 
extent lias been shown to be probably true for 
the Pinal Range, There remains for considera- 
tion, however, the question, How far can the 
valleys be accounted for by erosion on the 
supposition th|t they are not due to deforma- 
tion? In other words, Can the tectonic hy- 
pothesis be established by the elimination of 
its only alternative ? 

If after the region was affected by the last 
general deformation the land in the areas now 
corresponding to the valleys were as high as or 
higher than the land in the areas now corre- 
sponding to the mountains and if the valleys 
had been cut out by erosion, then obviously the 
valleys should show an intimate and charac- 
teristic relation either to the present drainage 
plan or to some older drainage plan. It is not 
enough that they should be occupied by streams 
or by intermittent watercourses. That would 
follow, no mater what the origin of the valleyB. 
But, with all due regard for differences in the 
resistance of various rocks to erosion, the 
valleys, if they were the work of running water, 
should be roughly proportional in size to the 
occupying streams and should show the adjust- 
ment of shape, width, and depth to the different 
sections of the stream that is characteristic of a 
fluvial valley. To pursue this branch of 
inquiry thoroughly would require the study of 
a much larger area than that now under con- 
sideration, but observation, so far as it has 
gone, shows that the streams or arroyos are not 
in close adjustment to the valleys. The Gila, 
for example, as shown on page 28, breaks across 
the ranges from one valley to another. Its 
present course must have been determined 
when the valleys not only were in existence 
but were more deeply filled with detritus than 
they are now. The valley in which the town 
of Globe lies appears much too large to be the 
work of Pinal Creek and its tributaries, and has 
not the shape that might be expected were it of 
erosional origin. Dripping Spring Valley also 
appears too large for the intermittent streams 
by which it is drained. 

The valleys are now occupied by the Gila 
conglomerate and must therefore have been 
formed before the conglomerate was deposited. 
This conclusion, on the supposition that the 
valleys are erosional features, would require 



a period of intense di^nudation in pre-Oila time, 
during which not oiAy were the valleys exca- 
vated, but the neighboring mountains were 
correspondingly worn down. Moreover, the 
detritus resulting from all this erosion must 
have been swept completely out of the region, 
for clearly the excavation of the valleys and the 
accumulation within them of a vast deposit of 
gravelly and silty detritus could not go on 
simultaneously. This removal could have 
been affected only by a drainage system 
entirely different from that now existing and 
under climatic conditions totally unlike those 
that now prevail. The erosional hypothesis is 
confronted, moreover, with the difficulty of 
explaining why, after all this erosion, the 
process of valley filling should have been begun 
and so enei^tically prosecuted and how de- 
tritus, so abundant and in part so coarse, 
could have been supplied from mountains worn 
down almost to their present heights. 

On the other hand, if the valleys are essen- 
tially structural features their subsequent his- 
tory is readily interpreted. Whether the fault- 
ing that differentiated mountains from valleys 
was sudden or took place by successive small 
slips, the result must have been a pronounced 
steepening of stream grade, an abundant supply 
of debris from the uplifted fault blocks, and 
consequently a rapid accumulation of detritus 
in the valleys. These valleys, being tectonic, 
would have no regular gradient from head to 
outlet, but would in all probability be closed 
basins in which the sediment-laden storm 
waters from the mountains would evaporate, or, 
possibly, in some places, form a lake having an 
outlet over some low pass in the valley rim. 
Under such circumstances the Gila formation 
may have accumulated under climatic condi- 
tions very Uttle different from those of to-day. 

GEOLOGIC mSTORY.* 

Long before Cambrian time the Globe-Ray 
region was part of a sea bottom upon which 
were accumulating fine grits and silts, probably 
derived from granitic rocks. The source of 
these sediments is imknown, and no trace of 
the ancient rooky floor upon which they were 

1 In the preparation of this .section the Globe report (U. S. Oeol. Survey 
Prof. Paper 12) has beqp freely drawn upoa» mach of the material being 
reproduced verbatim. It Is believed that the reader will prefer to have 
the geologic narrative as complete as possible in this place and that 
there is no gain in attempting to rephrase those portions of the oldet 
report in which no changes are demanded by later observatioDS. 
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laid down is now visible. In the course of 
time sedimentation ceased, and the beds were 
folded and compressed by foroes aoting in a 
generally northwest-southeast direction; were 
intruded by great masses of quartz mica diorite 
(the Madera diorite) ; and tmderwent crystalline 
metamorphism into the Pinal sohist. Later 
intrusions of granitic rocks f oUowed, and at the 
end of this period of plutonio eruptive activity 
the region had risen above the sea and beoome 
moimtainous. A new physiographic cycle was 
thus initiated, but it was probably well under 
way before the constructive processes that have 
just been outlined were concluded. Before the 
rocks attained their final elevation erosion was 
. vigorously at work, and upon becoming as- 
cendant it b^an the actual reduction of the 
mountainous topography, which it carried suo- 
cessively through the various intermediate 
stages of the geographic cycle to the final one 
of the nearly featureless wom-down plain of old 
age — a peneplain. 

So much, in brief, of pre-Cambrian history 
is decipherable from the character, structure, 
and texture of the older rocks. The cycle was 
run, and the beginning of Cambrian time was 
marked by subsidence and a fresh advance of 
the sea over what had so long been dry land. 
The sea as it swept over the land found it lit- 
tered in part with fragments of quartz weath- 
ered out from veins in the schists and granitic 
rocks, and with smaller particles of feldspar 
and quartz derived from the disintegration of 
the granitic masses. The existence of particles 
of feldspar that have remained fairly fresh to the 
present time appears to afford some indication 
that the Cambrian climate was not conducive 
to soil formation or to abundant vegetation. 
These materiab were slightly reworked by the 
waves into the Scanlan conglomerate, the rem- 
nants of which are now usually found resting 
upon the weathered and reddened surface of 
the Madera diorite and the granites, here and 
there separated from the sound rock by several 
feet of pre-Cambrian granitic saprolite (disiu- 
tegrated rock in place). The Scanlan con- 
glomerate, or its equivalent, covered the Pinal 
schist as well as the plutonic rocks. It appears 
that the region was submerged too rapidly to 
permit any considerable rounding of the peb- 
bles by wave action or much transportation 
of material by littoral currents — ^processes both 
of which are favored by stability of shore line. 
The lack of such evidence of long-continued 



shore action shows that the floor upon which 
the Cambrian sediments were deposited was in 
the main due to subaerial erosion and not to 
marine planation. 

Either there were valleys in the old peneplain 
as much as 200 feet in depth or the region sub- 
sided unevenly to an equal extent, for in the 
Apache Mountains, northeast of Globe, the 
interval between the pre-Cambrian peneplain 
and the base of the Pioneer shale elsewhera 
occupied by 1 to 6 feet of Scanlan conglomerate, 
is filled by some 200 feet of hard and varyingly 
arkose quartzite. 

The Pioneer shale, overlying the Scanlan con* 
glomerate and the lower quartzites of the 
Apache Mountains, records the accumulation 
of sandy silt in shallow water. The material 
of these sediments was in part feldspathic and 
probably derived from an adjacent land mass, 
composed largely of granitoid rocks similar to 
those occurring in the Pinal Mountains. Al- 
though there is no direct proof that the rocks 
of these mountains themselves were reduced 
to the general level of the peneplain and covered 
by the Cambrian sediments, yet it seems most 
probable that they were and that their present 
elevation and the stripping of their Paleozoic 
cover are due to later movements and to 
erosion. It is not likely that there existed any 
such sharp and local exception to the general 
imevenness of what must have been at one 
time an extensive peneplain. 

The deposition of the Pioneer shale was fol- 
lowed by that of the Barnes conglomerate. 
The origin of this conglomerate, which, with 
its well-rounded pebbles, mostly quartzite, con- 
trasts so strikingly with the reddish sandy shale 
beneath it, is a puzzling problem. Without 
any apparent unconformity, the fine silt depos- 
ited in quiet waters was succeeded by coarse 
material that must have been laid down under 
very different conditions of erosion and depo- 
sition. Such ooarse material implies the action 
of strong currents and perhaps of waves, and 
it is difficult to understand how in these cir- 
cumstances the underlying silt could have 
escaped considerable erosion. The pebbles of 
the conglomerate appear to have come in part 
from pre-Cambrian quartzites now exposed in 
the Sierra Ancha and Mazatzal Range, to the 
north of the region here described. The matrix, 
however, shows abundant feldspathic detritus, 
such as might have been supplied by a near-by 
xmsubmeiged area of the same pie-Cambrian 
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granitic rocks as are now exposed in the Globe- 
Ray region. On the whole, the evidence, 
though far from conclusive, suggests that the 
Barnes conglomerate is a delta* deposit, the 
work of streams rather l^an of waves. 

Succeeding the deposition of the Barnes con- 
glomerate came the accumulation of quartzose 
sands now represented by the Dripping Spring 
quartzite. The thin, somewhat shaly beds near 
the top of this formation show fossil worm casts 
or filled borings, ripple marks, and sun cracks. 
The quartzite was thus, at least in part, laid 
down in ' shallow water, and the sandy mud 
was at times exposed to the air and sim. It 
also is tentatively r^arded as a delta deposit. 

The thin-bedded impure dolomitic Mescal 
limestone, which overlies the Dripping Spring 
quartzite, marks a decided change in sedi- 
mentation. No fossils have been found in this 
limestone, but it probably is marine and Was 
laid down in shallow water. 

The next event in Cambrian time was the 
eruption of a flow of basalt. Although this 
flow has nowhere been observed to be much 
over 100 feet thick, it once covered an area of 
at least 500 square miles. YThother it spread 
over a sea bottom or was erupted on land is 
not known, but the extent and regularity of 
the flow, taken in connection with its relation 
to the beds below it, show that the surface 
covered by it had imdergone little if any 
erosion. 

After the eruption of the basalt, which has 
a vesicular upper surface, began the accumu- 
lation of the sandy and pebbly sediments now 
consolidated as the Troy quartzite. The abun- 
dant layers of pebbles and the conspicuous 
cross-bedding of this quartzite are suggestive 
of a return, during its deposition, to deltaic 
conditions. The upper beds, however, show 
lithologic gradation into the Martin limestone^ 
which is considered to be Devonian and is 
unquestionably marine, as shown by its fossils. 

Up to the beginning of the deposition of the 
Martin limestone the Paleozoic era had been 
marked by the preponderance of siliceous sedi- 
ments indicative on the whole of shallow water 
or alternating land and water. From that 
point on marine conditions, with apparently 
increasing depth of water, prevailed. 

The geologic record of the region studied is 
silent as regards Ordovician and Silurian time. 
No strata of these ages have been recognized, 



nor, on the other hand, has any unconformity 
been certainly detected between the supposed 
Cambrian and the known Devonian, to account 
for their apparent absence. 

Walcott^ long ago caUed attention to the 
existence of an unconformity between the 
Cambrian and Devonian beds in the Grand 
Canyon and recently L. F. Noble,' as a result 
of detailed stratigraphic .studies not yet pub- 
lished, has obtained proof that there is also an 
unconformity between the Devonian Temple 
Butte limestone and the overlying Carbonifer- 
ous (Miseissippian) Redwall limestone. It is 
possible that in spite of the apparently un- 
broken sequence of beds from the base of the 
Cambrian to the Devonian there may be an 
undetected unconformity in the Olobe-Ray 
region. Another possibility is suggested by 
the fact that approximately the lower half of 
the Martin limestone and all of the supposed 
Cambrian are imfossiliferous. Consequently 
some part of these unfossiliferous beds may 
prove to be Ordovician or Silurian. In the 
absence of any paleontolc^c evidence it has 
seemed better to adopt the provisional classi- 
fication employed in this report than to make 
an arbitrary assignment of cwtain portions of 
the stratigraphic series to the two geologic 
periods that apparently lack representation. 

On the assumption that the beginning of 
deposition of the Martin limestone marked the 
b^inning of Devonian time, the lower beds, 
consisting in part of calcareous grits, show a 
passage from shallow water in which terrigenous 
sediments could accumulate to deeper water in 
whidi limestone was deposited. 

From Devonian time well into the upper 
Carboniferous (Pennsylvanian) the r^on was 
covered by a sea abounding in animal life and 
depositing abundant limestone. No uncon- 
formity has been found in the Tornado lime- 
stone, which carries Mississippian and Penn- 
sylvanian fossils. From time to time during 
the accumulation of the limestone there were 
slight incursions ol land-derived sediment, and^ 
on parts of the sea floor layers of siliceous con- 
glomerates were intercalated in the limestone 
series. The mass of these layers is unimportant, 
but they are significant in showing that this 
part of the Carboniferous sea was probably 

i Waloott, C. D., PrfrCarbonilerous strata In the Onnd Canyon oT thA 
Colorado, ArU.: Am. Jour. Qd., 3d ser., Yol. 26, p. 488, 1883. 
* Penonal oommunicatkn. 
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neither very deep nor far distant from a land 
mass. 

The Pennsylyanian limestone is the latest 
Paleozoic deposit of which the reg\pn preserves 
any record. If marine conditions continued 
into the Permian the deposits of that period 
must have been wholly removed before the 
strata were broken up and invaded by diabase. 
Had Permian beds been involved in that 
structural revolution, some remnants of them 
would probably have been preserved in the 
resulting intricate lithologic mosaic. 

There are no available means of determining 
whether or not the region became land and was 
eroded before the diabase intrision. We know 
only that the intrusion with its associated 
faulting occurred after the accumulation of the 
Tornado limestone and has left unmistakable 
record of its structural importance. The re- 
gion was presumably elevated above sea level 
at the end of the Carboniferous and subjected 
to erosion. It was extensively dissected, 
probably in Mesozoic time, by numerous 
faults, which appear to have been normal in 
character, to be usually of moderate throw, 
and to have had generally northwest and 
northeast trends. There is groimd for sup- 
posing that the crystalline massif of the Pinal 
Mountains escaped much of the intensity of 
this faulting, as it did that of a later period. 
The dislocations were followed or accompanied 
by the intrusion of an enormous quantity of 
molten diabase magma into the rocks of the 
region, particularly into those most cut by the 
faults. If present exposures can be taken as 
generally indicative of the original proportions, 
it appears that the intrusive rock fully equaled 
if it did not considerably exceed in volume the 
stratified rocks. As the latter were not fused 
at any point now exposed to observation, it is 
concluded that room for this great addition of 
material was effected by mechanical displace- 
ment. The dominant form taken by the dia- 
base was that of the intrusive sheet or sill, aad 
had the region been free from faults these sills 
would probably have been fairly regular, re- 
sembling those occurring in the less faulted 
portions of the general region such, for exam- 
ple, as are well exposed in the canyon of Salt 
River just below its junction with Tonto 
Creek or in the Sierra Ancha. As it was, how- 



ever, the diabase not only forced its way be- 
tween the beds as sUls of varying thickness but 
found in the faulted rocks the most favorable 
opportunity for expansion. It occupied the 
fault fissures and'^shoved the detached masses 
of ruptured strata bodily aside, separating 
them so that they became in many places mere 
inclusions in a great mass pf eruptive rock. 
All the observed phenomena connected with 
the faulting and intrusion, as well as the more 
general geologic considerations outlined in pre- 
ceding pages, indicate that these events took 
place comparatively near the surface. The 
contact metamorphism effected by the diabase 
is generally slight, and aphanitic f acies of the 
intrusive rock are common near original con- 
tacts. The manner in which the blocks of 
strata were displaced indicates that they were 
under no great load, and the large increase of 
volume resulting from the intrusion of the, 
diabase must have produced considerable actual 
elevation of the surface over the Globe-Ray 
region. It would seem that when deformation 
and intrusion were so actively in progress at 
so slight a depth at least some of the magma 
mu£(t have found its way to the surface and 
been erupted as basalt. Any such mani- 
festation of volcanic activity as may have 
existed has, however, since been removed by 
erosion. 

After the diabase intrusion the region, hav- 
ing probably gained in elevation, was eroded. 
As pointed out on page 57, it is not yet deter- 
mined whether the andesitic volcanic outbursts 
which have lett their products in the south- 
eastern part of the Ray quadrangle and in the 
region south of Gila River preceded or followed 
the intrusion of the diabase. The andesitic 
rocks are associated with coal-bearing late 
Cretaceous or early Tertiary beds and are 
believed to be younger than the diabase. This 
part of the geologic history is still obscure, 
and much more light will probably be thrown 
on it when detailed studies are made of the 
region south and east of that covered by the 
Globe and Ray quadrangles. It is not un- 
likely that during late Mesozoic and early 
Tertiary time the region here described under- 
went many unrecorded vicissitudes and may 
have been covered by volcanic rocks and sedi- 
ments that were e^terward stripped away. 
To this obscure time, following die andesitic 
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eruption, apparently belongs the irruption of 
the quartz diorite, the Schultze granite, the 
granodiorite at Troy, the quartz monzonite 
porphyry of the Ray district, and the related 
granitic monzonite and dioritic porphyries of 
the region. The intrusion of these rocks was 
probably accompanied and followed by fault- 
ing and was the immediate cause of ore depo- 
sition. 

With the cessation of igneous intrusion, at a 
time which can not be definitely fixed from 
present information but which is provisionally 
considered as coinciding with the earlier or 
middle part of the Tertiary, the region, char- 
acterized by a diversified topography, was 
apparently dry land and undergoing erosion. 
Although the surface was probably less ru^ed, 
the general conditions as regards climate and 
erosional activity appear to have been not 
greatly different from those of the present day. 
As shown by the accumulation of the White- 
tail formation, coarse, rather angular detritus 
was washed down the slopes and deposited in 
the more open valleys and gulches. It was 
during this period of erosion and waste accu- 
mulation that most of the enrichment of the 
Ray and Miami copper deposits is believed to 
have taken place. 

Over this uneven surface, with its hollows 
partly filled with the Whitetail formation, was 
poured, probably in early or middle Tertiary 
time, an extensive flow of dacite. The greater 
part of the region here described appears to 
have been covered by this lava, which issued 
from a vent or vents as yet imdiscovered. As 
the Whitetail formation in places shows rude 
stratification and the massive dacite in some 
localities is underlain by beds of dacite tuff, it 
is probable that the region contained transient 
bodies of water, probably in consequence of 
the disturbance of the drainage by faulting 
before and during the volcanic activity. 

Following closely after the dacite eruption, 
and possibly as a consequence of it, came the 
great faulting to which are chiefly due the 
present structure and less directly the topog- 
raphy of the region. The character of this 
faulting has been described on pages 76-80. 
By it much of the country, especially the 
Dripping Spring Range, was shattered to an 
extent very imperfectly represented by the 
great number of small fault blbcks outlined on 



the small-scale geologic map of Plate II or on 
Plate XLV. 

In the absence of any satisfactory evidence 
for connecting with the recognized geologic 
epochs the events which took place in this dis- 
trict after the Carboniferous period, the post- 
dacitic faulting is rather arbitrarily considered 
as ending the Tertiary^ The provisional nature 
of this and other post-Carboniferous correla- 
tions in this region should not be forgotten. 
They mayNbe considerably modified when the 
present geologic work is supplemented and 
extended by the study of a broader area. The 
divisions recognized appear to be distinct chap- 
ters in the local physical history. They may 
not, however, be inserted at the correct places 
in the larger volume of the geologic story of 
the earth. 

The Quaternary was begim by a vigorous 
erosion of the complex lithologic mosaic residt- 
ing from the superposition of the postdacitic 
shattering upon an earlier structure that was 
already complex. Great quantities of coarse, 
rocky detritus were washed down the slopes 
and deposited as the Gila formation in valleys 
partly, at least, of structural origin. It has 
already been shown that the larger conglom- 
erate-filled valleys probably owe their original 
depression to faulting. 

The character of the Gila formation indicates 
that the climatic conditions of the early Qusr 
ternary were not very unlike those of to-day. 
Prevailing aridity and dominance of mechan- 
ical disintegration over rock decay were promi- 
nent features, and the precipitation apparently 
occurred in violent downpours of short duration. 

There has been at least one eruption of 
basalt during the Quaternary period, as shown 
by the flow intercalated in the Gila formation 
south of Qold Gulch, in the northwestern part 
of the Globe quadrangle, and by smaller masses 
in the western part of the same quadrangle. 
The basalt apparently issued from more than 
one small vent, and its present distribution is 
not entirely understood. 

The early Quaternary erosion that supplied 
the materials for the Gila formation imdoubt- 
edly effected pronounced changes in the topog- 
raphy, but it usually is difficult or impossible 
to distinguish between such changes and those 
brought about in late Quaternary time. 
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More or less faulting has continued through- 
out the Quaternary, and these later disloca- 
tions have had a recognizable effect upon the 
structure, as shown by the shapes and distri- 
bution of the areas of Gila conglomerate. 

In late Quaternary time erosion has been 
active over the whole r^on, reducing the 
mountains and dissecting the Gila conglom- 
erate. In some parts of the region, as near 
Hutton Peak and Needle Mountain, this later 
d^radation appears to have been exception- 



ally active and has left fragments of the Gila 
formation, originally a valley deposit, upon 
the summits of ridges and peaks. Within 
many areas of conglomerate, however, the 
present intermittent streams have merely 
effected an intricate dissection and sculpturing, 
without exposing the base of the formation 
save near its margins. jThis trenching was 
locally accompanied by the catting of stream 
terraces, best seen in the Kay district and on 
Bloody Tanks Wash in the Globe quadrangle. 



Chapter IV.— Mines and Mining. 



PURPOSE OF CHAPTER. 

Although at first thought it might be sup- 
posed that the discussion of the geologic 
details of the two districts described should, 
in accordance with logical order, immediately 
follow the account of the general geology of 
the region, it will soon be apparent that an 
understanding of local geologic relations re- 
quires some knowledge of the mine workings. 
This supplies such justification as may be 
necessary for the present arrangement. 

It is not to be expected that a geologic 
report should particularly concern itself with 
the financial and technical problems that are 



respective mining operations. Details of min- 
ing or milling technique and of mechanical 
equipment will be omitted or will receive but 
brief mention. 

BCIAMI DISTRICT. 
imnNO COMPAKIBS AND CLAHC OROUPS. 

The ore bodies of the Miami district, so far 
as they are at present known, are confined to 
a rather irregular east-west ridge that separates 
Webster Gulch on the north from Liveoak 
Gulch on the south. This may conveniently 
be referred to as Inspiration Ridge, from the 
mme of that name. The average breadth of 




FiOTTBX 6.— General plan of land ownenhip, ore bodies, and reduction works in the Miami district. Reduced from a map prepared by the 

Inspiration Consolidated Copper Co. in 1016. Scale approzliiiately 4,300 feet to the inch. 



being solved in the mining of disseminated 
copper ores. Nevertheless, descriptions of the 
deposits themselves are likely to be more 
readily comprehended if introduced by a con- 
cise account of property boundaries, company 
organization, imderground workings, and gen- 
eral mining methods. The present chapter is 
intended to give the reader such a preliminary 
survey of the local industry from its practical 
side as may enable him to realize the industrial 
importance of the deposits, to understand the 
general mode of their exploitation, and to 
follow readily subsequent descriptions in which 
there will of necessity be Teference to the 

various companies by name and to their 
90 



the ridge is about 1 nxile, and its height above 
the bottoms of the gulches mentioned ranges 
from 400 to 600 feet. The ore bodies lie on ai^ 
arc, concave to the south, of a horizontal circle 
of about 1 J-mile radius. This curve in general 
coincides with the crest line of the ridge, but 
at its west end it sweeps southward toward 
Liveoak Gulch. The total length of the known 
ore belt, or bow, as it may be suggestively 
called, is 2 miles, and its greatest breadth, 
near the middle of the curve, is about 1,500 feet. 
The situations of the principal claim groups 
with reference to each other and to the ore 
bow may be seen from figure 6, or in greater 
detail from Plate XXXI. 






^ 



^:rAT\? 






f 



T 



L ;„ ^^A^ 



lMI district, ARIZONA 



laiiTES /LND MINING. 



91 



At the eastern tip of the bow is the ground of 
the Miami Copper Co./ much of which lies 
east of the area shown in Plate XXXI. 

This company, organized imder the laws of 
Delaware, is capitalized at $4,000,000, with 
800,000 shares at $5 par value. It is con- 
trolled by the General Derelopment Co., or, 
as it is commonly expressed, by the '' Lewisohn 
interests." The Miami Copper Co. owns over 
1,000 acres, of which from 200 to 300 acres is 
held as known or prospective mining groimd, 
the remainder beii^ ranch land for water 
supply and land for storage of tailings. The 
total expenditure in preparation for mining 
and milling has been given as $4,157,000.^ 
At the end of 1918 the company had produced 
312,003,720 pounds of refined copper and had 
paid dividends amoimting to $19,596,043.75 — 
an achievement that speaks for itself. 

Directly west of the Miami ground is the In- 
spiration group of the Inspiration Consolidated 
Copper Co. The Inspiration Copper Co., or- 
ganized in 1908 under the laws of Maine, was 
capitaUzed at $10,000,000 with shares of $10 
par value. The company owned the original 
Inspiration group, covering about 546 acres, 
with a ranch on Pinal Creek. Late in 191 1 this 
company, after having acquired the Cordova 
group, which lies south of the Miami group, 
was consolidated with the Live Oak Copper 
Co., and soon afterward bought additional 
ground in Webster Gulch for railway and mill- 
ing purposes. The Inspiration Consolidated 
Copper Co., also a Maine corporation, is capi- 
talized at $30,000,000 with 1,500,000 shares of 
the par value $20. As given in the company's 
annual report for 1916, the distribution of these 
shares was as follows: 

Bhana. 
Issued and outstanding 1, 181, 967 

Unissued 318, 033 

1,500,000 



1 For d«talli of organliation, property, eqtdpmeiit, and methods of 
mining, aoo annual reports of tbe Miami Copper Co. ; also the follo^ng 
papers: 

Bterens, H. 7., Copper Handbook, 1910-11, pp. 116»-1162, 1911. 

Channing, J. P., The Miami mill: Min. and Met. Soo. America Bull., 
vol. 4, pp. 86-88, 1911. 

Tolman, C. J., Jr., The Miami-Inspiration ore cones : Mln. and 8cL 
PieM, Nov. 13, 1909, pp. 546-668. 

Bowen, H. P., Data on Miami chum drilling: Eng. and Mln. Jour., 
vol. 97, pp. 903-903, 1914; Engineering notes and methods at Miami: 
Idem, voL 100, pp. 15-17, 1915. 

Sooti, D. B., ^toping methods of Miami Copper Co. : Am. Inst. Min. 
fing. Trans., vol. 65, pp. 107*153, 1917. 

Deane, E. O., The block method of top slicing of the Miami Copper 
Co.: Am. Inst. Mln. Erig. Trans., vol. 65, pp. 240-244, 1917. 

s Sag. and Mln. Tour., vol. 95,^ p. 1102, 1913 



West of the Inspiration group on the ore bow 
is the Keystone group, 243 acres, formerly 
owned by the New Keystone Copper Co., or- 
ganized under the laws of Delaware with an 
authorized capital of $3,000,000 in shares of $5 
par value. Early in 1915 the New Keystone 
property was purchased by the Inspiration 
Consolidated Copper Co. for $795,940, payable 
in shares of Inspiration stock at $20 a share. 

Finally, at the west tip of the ore bow, as at 
present determined, is the Live Oak group of 
about 200 acres, which, as previously men- 
tioned, is also now the property of the Inspire^ 
tion Consolidated Copper Co. 

Both the Keystone and Live Oak groups pro- 
duced considerable chrysocoUa ore from veins 
in granite porphyry before the importance of 
the disseminated ore was realized. 

The Inspiration Consolidated Copper Co.'s 
lands were classified by the company in its 1916 
report as follows: 

Acres. 

Mining lands 1, 870 

I^ands for mill site, tailings disposal, water-supply, 
etc 2,346 

4,216 

At the end of 1918 the Inspiration Co. had pro- 
duced 319,946,970 pounds of copper and had 
paid dividends amounting to $27,955,014.50. 

West of the Live Oak group lies the Barney 
group, 450 acres, owned by the Barney Copper 
Co., organized under the laws of Arizona with 
an authorized capital of $5,000,000 in shares at 
$5 par value. Considerable prospecting has 
been done on this group, but the drill holes 
have not yet shown the presence of ore in com- 
mercial quantities.- Similar statements might 
be made with reference to the Montezuma 
group, southwest of the Live Oak group, which 
has been prospected by the Southwestern 
Miami Developm/Bnt Co. ; to the Schultze group, 
still farther southwest, explored by the South 
Live Oak Development Co. ; and to the Needles 
group, which partly incloses the west end of 
the Barney group. North of the Miami and 
Inspiration groups are the lai^e holdings of the 
Wairior Copper Co.,* originally embracing 1 , 158 
acres, in two main groups, of which a part 
only of the southern (Black Warrior) group is 
shown in figure 6 and Plate XXXI. This 
ground has produced lai^e quantities of ore, 

* See Stevens, H. J., Copper Handbook, 1910-11, pp. 1799-1801, 1911, 
for details. 
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chiefly cluysocoUa, from the Montgomery and 
Dadeville claims, but disseminated sulphide ore 
has not been found in workable quantity, 
although it should be added that the ground 
has not been thoroughly explored. 

A considerable part of the land in the norths 
eastern part of the Black Warrior group, near 
the mouth of Webster Gulch, was purchased by 
the Inspiration Consolidated Copper Co. for its 
concentrator site. Th6 same company He- 
quired also the Little Miami group, north of the 
Miami group. 



Sampling is a far more important matter in 
connection with low-grade disseminated ores 
than in ore of higher tenor with more definite 
limits. In all the mines in the Miami district 
the sampling is kept close up to the working 
faces. All drifts, crosscuts, and raises within 
the general ore zone are sampled at intervals 
of 5 feet, and the assay results are entered on 
detailed assay maps. A portion of such an 
assay map, showing the transition from ore to 
slightly enriched sulphides, is reproduced as 
figure 7. 
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FiouBS 7.— Partioo of an assay leyel map of one of tbs mines in tha Ifiami district, showing method of recording assays. 



XTHBEBGROTTND BEVELOPMSKT. 
GENERAL CHARACTER. 

Work underground in the Miami district pro- 
ceeds with such rapidity that any detailed de- 
scription of mine workings becomes obsolete 
before it can be published. Partly on this 
account and partly for the reason that in iliin- 
ing for disseminated ore the levels are laid out 
as vertically superposed rectangular lattices 
which, as displayed on a map, have less geologic 
significance than levels driven along a lode, the 
descriptions that follow, both of the mines at 
Miami and of those at Bay, will be of a brief 
and general character. 



MIAMI MINE. 

The Miami ore body was discovered and ita 
general extent determined by the ordinary 
mining methods of sinking, drifting, and cross- 
cutting. Afterward, however, this work was 
supplemented and the range of exploration ex- 
tended by the use of chum drills. 

There are four shafts. The No. 1 shaft, situ- 
ated on the Captain claim, proved to be about 
450 feet southwest of the main ore body. It 
was extended in 1913 to the 420-foot level and 
is used for men and supplies. Shaft No. 2, 720 
feet deep, is on the Bed Bock claim, 850 feet 
northeast of the No. 1 shaft. It penetrated 
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the ore body centrally and was the principal 
working shaft thron^iout the period of pre- 
liminary zoine developm^it, but was lost in 
1913 through the caving of the ground. Shaft 
No. 3, in the northeast comer of the Bed 
Spring daini; is about 2,200 feet northeast of 
the No. 2 shaft and is approximately 1,500 feet 
away from the nudn ore body. It is not in use 
except as a downcast for ventilation. No2 4, 
the largest shaft, is on the St. Johns No. 1 claim, 
in the Gila conglomerate, and is about 450 feet 
east of the ore as at present blocked out. This 
is the main working shaft, through which all 
ore is hoisted in balanced 7i-ton Kimberley 
skips. It is 12 by 16 feet in the clear and 710 
feet deep. It has two skip compartments, one 
5 by 11 foot cage compartment, and one pipe 
and ladderway compartment. There are two 
geared hoisting engines, operated by steam, one 
for raising ore and the other for moving men 
and supplies. The hoisting capadty is 500 
tons of ore an hour.^ 

The mine has 12 levels, designated with 
respect to the depth of each below the collar 
of the No. 2 shaft as follows: 

Levels of the Miami mine. 



Designation and depth below ooUar of Na 2 

sbaft. 



220-foot. 

245-foot. 

270-foot 

295-foot. 

320-foot 

345-foot. 

370-foot 

395-foot 

420-foot» 

470-foot 

670-foot« 

720-footo 



Distance to 
shaft station 
next above. 



FeeL 

220 

25 

25 

25 

25 

25 

25 

25 

25 

50 

100 

150 



Approxl'* 
mate eleva- 
tion above 
sea level, 
withcoUar 

of No. 2 

shaft taken 

as 3|730 feet. 



Fed, 
3,510 
3,485 
3,460 
3,435 
3, 410 
3,385 
3,360 
3,335 
3,310 
3,260 
3,160 
3,010 



« Haulage levels, 150 feet apart. 

Of these levels the 370-foot is known also as 
the "first mining level" for the main ore 
body — that is, the level above which stoping is 
to be confined until the upper part of the miae 
has been worked out. For the Captain ore 

1 For technical details of shaft, hoisting equipment, mill and power 
plant, see Stevens, H. J., Copper Handbook, 1911-12, pp. 11^1102, ai.d 
the company's annual reports. 



body, the 245 is the "first mining level." The 
leveJs above the 370 are referred to as "sub- 
mining levels." The 420-foot level (H. 
XXXII) is a tramming level, through which 
all the ore from the levels above is hauled to 
the shaft in trains drawn by electric locomo- 
tives. In the northwestern and southeastern 
portions of the miae the 395-foot level is a 
sublevel, from which is controlled the drawing 
of ore from the stopes into the loading pock- 
ets that deliver to the tramming leveL The 
570 and 720 levels will in turn become haulage 
levels for the deeper stages of stoping. The 
ore is hauled to the shaft in trains of 30 to 40 
3i-ton cars drawn by 6- ton electric locomo- 
tives. The tracks are 2-foot gage, laid with 
45-pound rails. The total length of the drifts 
run to the end of 1916 was about 38 miles. 
The mine is ventilated by means of two fans, 
each with a capacity of 60,000 cubic feet. 

The arbitrarily assiuned "north" of the Mi- 
ami system of mine coordinates and drifts is 
18® 1' west of true north. In the northwestern 
and southwestern parts of the mine the prin- 
cipal tramming drifts run parallel with the 
stopes, whereas in the Captain ground, as in 
the Ray mines, they are at right angles to 
them. The general plan of the levels is that 
of a rectangular lattice with intervals of 50 
feet. In other words, on each level the ore is 
blocked out in 50-foot squares. Raises at the 
drift intersections connect each level with those 
above and below. 

West of the main Miami ore body, in the 
northwestern part of the Captain claim, is 
what is known as the Captain ore body. This 
is really the extension eastward into Miami 
ground of the Inspiration ore body. Although 
on Plate XXXI a connection is indicated be- 
tween the Captain ore body and the main 
Miami ore body, the slender neck of connecting 
material is partly oxidized and may be rather 
doubtfully classed as ore. For all practical 
purposes the two ore bodies in the Miami mine 
are distinct, drifts from one to the other going 
through barren ground. 

The Captain levels are at 80, 107, 135, 190, 
245, 270, 345, 370, 395, and 420 feet below the 
collar of No. 2 shaft. The Captain workings 
are laid out on a separate coordinate system, 
of which the "north" is 33° 58' east of true 
north. In other words, the north and south 
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drifts in the Captain woricings make an angle 
of nearly 51^ .with the north and south drifts 
of the main Miami workings. This difference 
and the fact that in the Miami mine ''north'' 
may mean true north, magnetic north, N. 18^ 
W., or N, 83° 58' E. ("Captain north") are 
rather confusing to anyone not thoroughly fa- 
miliar with the mine maps and with local usage. 
The upper surface of the Miami main ore 
body was not flat but, as may be seen from 



areas inclosed by the corresponding cantouis 
of figure 8. The 420-foot and 570-foot levels 
connect with the No. 4 shaft, and the 470-foot 
level with the No. 3 shaft. The 42a-foot level 
also connects with the No. 1 shaft. 

The Miami Co. in 1916 had on its mine pay 
roll about 640 men — 500 undeiffround and 50 
on the surface. It was producing in 'Septem- 
ber of that year 6,455 tons of ore daily. About 
200 men are employed in the miU. 




FiouBE &— Diagram showing by coatours oa each mine level the approximate shape of the Miami ore body. Flgnies affixed to contour lines 
Bho«r depth in feet belov the collar of the No. 3 shaft. Dotted contours indicate overhang— that is, they are drawn on the underside of the ore 
body. 



figure 8, swelled upward into three rounded 
hill-like protuberances, two of which were con- 
siderably larger and higher than the other. 
The levels above the 345-foot were laid out for 
the purpose of s toping these hillockB so as to 
allow the overburden to cave down to an ap- 
proximately horizontal surface over the main 
body of the ore. Consequently these upper 
levels were not of great extent and did not long 
remain open. They coincided roughly with the 



INSPIRATION MINE. 

The workings of the Inspiration mine (PI. 
XXXI) extend westward under Inspiration 
Ridge for 3,300 feet from the Miami ground 
and open southward through a 2,000-foot adit 
into Liveoak Gulch. Horizontally they ramify 
over a much greater area than those of the 
Miami mine, but the ore as yet is less thor- 
oughly blocked out. 
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Before beginning of stoping, in July, 1015, 
the lengths of the various kinds of iinder- 
groimd openings were as follows: 

laies. 

Shafts 1.2 

Haulage waya 7. 7 

Ordinary drifts 2L 1 

Main raiaes 21. 2 

Finger raiaes 2. 5 

63.7 

During 1916 fully 28 miles of underground 
openings were driven and 31 miles of earlier 
work were destroyed by caving operations. 

Most of the underground exploratory work 
was accomplished through the Scorpion shaft, 
545 feet deep, on the north side of the ridge, 
and the Joe Bush shaft, 500 feet deep, on the 
south side. The Colorado shaft, 635 feet deep, 
also connects with the main workings on the 
south sid^ of the ridge. The positions of these 
shafts may be seen from Plates XXXI and 

xxxni. 

In 1912 work was begun on two large vertical 
shafts known as the Main JVest and Main East 
shafts. They are situated 104 feet apart in 
Webster Gulch, well north of the ore body, and 
are 585 feet deep. These shafts, lined with 
concrete, were finished in 1915. Each has 
three compartments. Two in each shaft are 
occupied by 12J-ton skips, operated by auto- 
matic electric hoists. The third compartment 
in one shaft contains a double-deck passenger 
elevator, counterbalanced by a weight running 
in the third compartment of the other shaft. 

The surface equipment at these shafts (PI. 
XXXrV, A)f including the mine compressor 
and hoist house, coarse crushing plant, and ore 
bins, is in keeping with the scale and thorough- 
ness of this company's operations throughout.^ 
At the time of last visit, in September, 1916, 
about 18,000 tons of ore was hoisted in 16 
working hours each day. 

An inclined shaft on the south side of Inspira- 
tion Ridge, about halfway between the Joe 
Bush shaft and the portal of the main adit, also 
connects with the principal levels. 

> For details of equipment see the following: 

Buxch, H. K,, end Whiting, M. A., Automatic operation of mine 
hoists as exemplified by the new electric hoists for the Inspiration Con- 
solidated Copper Ca: Am. Inst. lOn. Eng. Trans., voL 56» pp. 10-28, 1917. 

New man hdst at InspiratioD: Eng. and lOn. Jour., yoL 101, pp. 476- 
477, 1916. 

Company's ammal report for 1913. 

Burvh, H. K., lllne and mill plant of the Inspiration GonsoUdflted 
Copper Co.: Am. Inst. lOn. Eng. Trans., vol. 66^ pp. 707-740, 1917. 



The Inspiration mine levels are as follows: 

Levels of the Irtspiration mine. 



Designation. 



Sublevel 6 

Sublevel5i 

Sublevel 5 

Sublevel 4J 

Sublevel 4 or third levels 

Sublevel 3i 

Sublevel 3 

Sublevel 2| or fourth haulage level. 
Sublevel 2 (old Joe Bush 400 level) . 

Sublevel li 

Sublevel 1 , 

Sixth haulage level 



Distance to 

shaft statioo 

or level next 

above. 



Feet. 



35 
35 
35 
35 
35 
30 
40 
30 
30 
30 



Elevation 

above sea 

level. 



Feet, 



3,685 
3,650 
3,515 
3,580 
3,545 
3,510 
3,480 
3,440 
3,410 
3,380 
3,350 



• Also referred to as the Tunnel leveL 

These designations, it must be confessed, are 
not readily grasped and used by the visitor, 
although fortunately the rectangular system of 
coordinates and drifts in the Inspiration mine 
has a true north-south and east-west orienta- 
tion. The most extensive level is the third or 
Tunnel level. This connects all shafts with the 
tunnel portal in Liveoak Gulch. 

West of the main workings are the Bulldog 
shaft, 300 feet deep, and six exploratory tim- 
nels. All work in these had been abandoned 
in 1912. Their relative positions and their 
relation to the topography may be seen from 
Plates XXXI and XXXIII. The Woodson 
tunnel is of interest as being the place where 
the disseminated ore of the Miami district was 
first mined on a profitable scale and as having 
thus given the clew to the mining possibilities 
that are now in process of realization. 

The ground of the Inspiration group, in addi- 
tion to the mining development mentioned, 
has been extensively and in part thoroughly 
explored by chum drilling, so that the outlines 
of the main ore body are fairly well known. 

To connect the main shafts in Webster 
Gulch with its concentrator, IJ miles away, 
with the International smelter, and with the 
Miami branch of the Arizona Eastern Railroad, 
the Inspiration Co. has built about 4 J miles of* 
standard-gage railway. 

KEYSTONE HIKE. 

The old Keystone workings on a vein of 
chrysocolla, as they were in 1902, were briefly 
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described in the Globe report.^ These were 
considerably extended dimng subsequent years 
but are now abandoned and were not examined 
in 1912. 

The new shaft, about 600 feet northeast of 
the old tunnels, is 330 feet deep. Levels 150 
and 250 feet below the collar block out the ore, 
for the most part in rectangles 100 by 200 feet. 
The orientation of the rectangular level system 
is 20*^ 40' west of true north. 

LIVE OAK BONE. 

like the Keystone, the Live Oak mine for- 
merly produced much chrysocoUa from a vein 
in granite porphyry. The old tunnels and 
stopes are aU above the modem workings. 

The Silica timnel of the Live Oak workings 
follows a vein of chrysocolla in granite 
porphyry. This was stoped to the surface. 
An inclined shaft was simk on this vein, but 
the first level, 32 feet vertically below the collar, 
proved to be below the main ore body. A 
second level, 70 feet below the collar, was as 
disappointing as the first. The third level, 
about 95 feet below the second, is the sulphide 
tmmel, which has its portal in Liveoak Gulch 
and connects with the No. 1 vertical shaft, 496 
feet deep in August, 1912, at a depth of 273 
feet. The vein originally worked does not 
appear on this level, although a crosscut of 
350 feet was run to find it. Later work has 
been devoted to opening up a body of dissemi- 
nated ore northwest of the shaft, both on this 
level and on the fourth level, 117 feet below the 
sulphide timnel. In April, 1912, this level was 
being extended southwest to connect with the 
No. 2 shaft, then just completed, but work on 
the connecting drift was afterward stopped. 
This shaft, about 2,000 feet southwest of the 
No. 1 shaft, is 1,181 feet deep. It has levels 
opened at 800 and 900 feet. The drifts from 
this shaft run northwest and northeast. At 
the date of writing (July, 1917) the fourth 
level of the Inspiration workings has appar- 
ently not yet been extended to a connection 
with the Live Oak workings, through the 
'Keystone ground. 

In addition to the xmdergroimd work the 
Live Oak groimd has been carefully explored 
by drilling on a rectangular coordinate net 
oriented lO*' east of north. 



» U. S. G6ol. Survey Prof. Paper 12, pp. 160-161, 1908. 



WARBIOR MIKE. 

Although the Warrior mine is not one of 
those on the known belt of disseminated ore, it 
is 80 close to them as to deserve brief descrip- 
tion here. The principal workings are on the 
Dadeville, Montgomery, and Winnie claims, 
and the levels, although rather irregular, trend 
as a whole nearly east and west, for a distance 
of about 2,500 feet. The most extensive level 
is a tunnel, at an altitude of about 3,790 feet, 
with one portal on the Nellie daim, near the 
bottom of Webster Gulch, and another on the 
Dadeville claim, in a small side ravine about 
1,000 feet to the east-southeast. There are 
shorter levels at distances of about 40 and 80 
feet above the main level and at 50 and 130 
feet below it. In general the workings become 
lower from east to west, as they follow a flat- 
lying strip of ore, 160 feet in greatest width, 
which dips in that direction at an angle of 
about 12*^. 

DBILUHa. 

Chum drilling hs5 played a very important 
part in the development of the Miami district, 
notwithstanding the fact that the Miami ore 
body was discovered and was extensively ex- 
plored by other methods. 

Some of the earlier holes were irregularly 
placed, but the general plan on the ground now 
owned by the Inspiration Consolidated Copper 
Co. has been to test the ore zone and define its 
limits by holes placed 200 feet at the intersec- 
tions of a regular system of rectangular coordi- 
nates. Drifts subsequently rim follow these 
same lines and intersect the drill holes. On 
outlying properties, where the presence of ore 
in commercial quantity has not been demon- 
strated, scout holes are put down with less at- 
tention to regular spacing and alinement. 

On the Live Oak groimd, where the ore in 
general is deeper than elsewhere in the ascer- 
tained zone, there were in February, 1914, 105 
drill holes, ranging from 237 to 1,113 feet in 
depth. Farther east, on the Inspiration and 
Miami groups, the holes are generally not so 
deep. The deepest hole in the district is that 
drilled by the Miami Co. southeast of its No. 4 
shaft. This hole was abandoned in the Gila 
conglomerate at 2,050 feet. A hole started 
from the bottom of the 300-foot Barney shaft 
re&ched a depth of 1,448 feet below the surface. 
On the Montezuma group No. 1 hole, of the 
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Soathwestem Uiami Development Co., is 1,285 
feet de^ and No. 2 hole 1,240 feet deep. 
I'robably before this report is printed still 
deeper holes will have been bored in the out- 
lying parts of the district. 

The drilling has been accomplished for the 
most part with portable rigs of the Star type, 
although some Keystone rigs were used. The 
initial diameters of the holes range from 10 to 
22 inches. The total cost per foot of hole, in- 
cluding road building, varies widely with cir- 
cumstances, but the average for holes less than 
600 feet deep was between $2 and S3.' Some 
of the deep Live Oak holes and of course the 
deep Miami hole were much more expensive. 

"Hie passage oi the hole from the oxidized 
capping into ore or unoxidized rock is recog- 
nizable by a distinct change in the color of the 
sludge from reddish to gray. Although the 




logs of some of the earlier holes are not wholly 
trustworthy, the records of rocks passed through 
in most of the borings have been carefully 
kept by the engineers in chaige and are relia- 
ble. With a little experience the sludges de- 
rived from the Gila conglomerate, dacite, 
schist, and porphyry are, as a rule, readily dis- 
tinguishable. Except where the rock is ob- 
viously barren the sludge is dried, sampled, 
and assayed for every 5-foot vertical interval. 
So far as could be ascertained there is no large 
or constant discrepancy between the results ob- 
tained by drilling and those obtained by sub- 
sequent drifting, although on ore containing 
about 2 per cent of copper many of the drill 
samples assayed about 0.2 per cent less than 
drift samples. 

> Wctxii, W. 0.,Unhodsuidcmt3cif crpentIiicv«U.<lrllLliignischliie9 
fn prospertlag luc copper; Englnscrlng— CaolracUng, vol. S3, pp. 401- 
402, IIIO (eoodnisad rrom a paper la WbooDiIn Eogtiuar, April, IStO). 



The general plan of stoping as originally 
worked out for the Miami mine by Mr. N. O. 
Lawton, its first superintendent, has been de- 
scribed by C. F. Tobnan, Jr.' That plan, how- 
ever, has been modified as work proceeded. The 
Captain ore body and the southwest and north- 
west parts of the main ore body are worked 
by a so-called "shrinkage-stope" method which 
has been described in detail by D. B. Scottj 
the company's mine efficiency engineer.* In 
brief the system comprises a main tramming 
level, a drawirig-off level 25 feet above it, 
and sublevela, for use in stoping, at intervals 
of 25 feet above the drawing-off level. In the 
Miami mine the first tramming level is the 
420. The main tramming - drifts are 50 feet 
apart longitudinally, and originally a stope 50 
feet wide was carried over every other drift, 
leaving pillars 50 feet wide between. (See 
fig. 9.) Recently, however, in the Captain 
ore body, the rooms and pillars have been 
made narrower. Stoping begins 50 feet above 
the tramming level, and as the miners work 
upward only so much of the broken ore is 
drawn off as will leave working space between 
it and the top of the stope. As a rule, about 
39 per cent of the broken ore must be drawn 
to provide working space and to make room 
for the increased volimie of the broken ma- 
terial. After the completion of the stopes the 
intervening longitudinal pillars are broken up, 
the miners working from the top down and 
retreating through the drift and crosscuts in 
the soUd portion of the pillar. Systematic 
drawing of ore usually begins when the mining 
in any section of the workings lacks about 
30 per cept of completion. When the ore is 
all drawn and the overburden has caved down 
to the stope floor, the process is repeated from 
a lower tramming levd. 

In the eastern part of the mine the upper 
part of the ore body was mined by the square- 
set method. The expected collapse of the sets 
after the removal of the ore formed a thick 
mat of timber under which stoping ha pro- 
ceeded by top shcing and caving, A modified 
form of top slicing as developed at Miami has 
been described by Deane.* 
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In 1912 mining by the modified ''shrinkage- 
stope'' method was costing about 76 cents a 
ton, including a fixed development charge of 
31 cents a ton. Some of the ore mined by 
square setting was probably costing from $1.65 
to $1.75 a ton. The total average mining co^t 
in 1915 was $1.0158 a ton, the cost by different 
methods not being given. According to Deane, 
the cost by the block method of top slicing as 
used in 1916 was 88 cents a ton. In 1916 the 
Miami Co. was TnmiTig daily about 4,000 tons by 
shrinkage stoping and 2,000 tons by top slicing. 



HZLLDTQ. 

The first large modem mill to operate on dis^ 
seminated ores in the district is that of the 
Miami Copper Co. (PL XXXVI). It is situated 
close to the No. 4 shaft and is a well-designed, 
very substantial building of concrete, steel, and 
iron, with an average capacity in 1916 of 5,074 
tons a day. The detaUs of its original equip- 
ment have been given by J. Parke (Plan- 
ning.* Recently, however, an annex for the 
treatment of ore by flotation has been added. 
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FiouBE 10.— General cross section showing method of stoping with inclined raises as used in the Inspiration mine. After W. C. Browning.) 



The Ohio caving system used b^ the In- 
spiration Consolidated Copper Cq. was adopted 
after careful experimentation with models to 
determine the extent to which the waste rock 
overlying a caving ore body would tend to be 
drawn downward funnel-wise to the points of 
discharge. As may be seen from figure 10, 
taken from sketches by Mr. W. C. Browning, 
the overburden is caved in sublevel stages of 
70 feet drawn off through inclined raises that 
converge downward to the main haulage level. 

The effects produced at the surface by mining 
in the Miami district are illustrated in Plate 
XXXV. 



The ratio of concentration ranges from 18 to 
21 into 1, and the extraction in 1915 was 75.17 
per cent on ore averaging 2.17 per cent copper, 
and in 1916 was 73.88 per cent on ore averaging 
2.07 per cent copper.' The concentrates car- 
ried 41.91 per cent of copper in 1915 and 42.49 
per cent in 1916. 

Power for milling as well as for mining pur- 
poses is furnished by the company's steam 
power plant in the town of Miami. Hoisting 
is at present (1916) done by steam. 

1 Min. and Met. Soc America Bull., voL 4, No. 3A, pp. 80-80, lOlL 
t Reports of B. Britton Oottsberger as guwral manager for the yetfi 
1915 and 101ft. 
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. VIEW WEST OVER THE PIT CAUSED BY MINING THE INSPIRATION ORE BODY NEAH THE FORMER JOE BUSH SHAFT. 
OD Um Ii^t mult ttom Iha bnaking away of thn tooloall of Ihs Job Boih fault. 




B. VIEW WEST OVER THE SURFACE ABOVE THE MAIN ORE BODY OF THE MIAMI MINE. 
The No. 2 ihnf t ■wot Jutt to Ihs lelt of the curved rood En tba right middle diitnno. 

SURFACE EFFECTS OF MINING BY CAVING SYSTEMS IN THE MIAMI DISTRICT. 
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PAPER lU FLATS XXXVI 




, GENERAL VIEW OF THE MIAMI CONCENTRATOR AND NO. 4 SHAFT, FROM THE NORTHEAST. 

Pvt of tba town of Hbuni may bs MOi la the iraDeT bnrond tha ahift. and ■ ponloD of tin tailliiM pood oa tha Wt. Thn linrw •! 
.1. ><?ii 1 — HnlaUppIiiaupiialfaacniiiliodopeaDr tlua part of the Pioal Ranis. 




S. VIEW SOUTHEAST ACROSS MIAMI FLAT, SHOWING CHARACTERISTIC TOPOGRAPHY OF GILA CONGLOMERATE. 
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Water for miUing and other purposes at the 
Miami mine is obtained mainly from the Old 
Dominion mine, about 7 miles distant, which 
supplies 2,000,000 gallons a day. An addi- 
tional supply, probably from 500,000 to 
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FioUBS IL— Flow sheet of Inspir.itlon concentrator sections equipped 

with Callow flotation machines. 

1,000,000 gallons a day, is pumped from wells 
near Pinal Creek, a few miles north of Globe. 

The Inspiration mill * (PI. XXXIV, B) is in 
Webster Gulch, about a mile and a half east 
of the main shaft. After much experimenta- 
tion a combination of concentration by flowing 
water and by flotation was decided upon. The 
mill consists of 18 sections, each with a nominal 
capacity of about 800 tons a day, or a total of 
14,400 tons. In August, 1916, 16,073 tons a 
day was being milled. The treatment com- 
prises crushing the ore as it comes from the 
coarse-crushing plant at the mine, already 
reduced to 1} inches maximum size, in March 
ball mills to pass a 48-mesh screen, passage of 
the crushed ore through flotation machines, 

A See Burch, H. K., Coooentration at Inspinitiaa: Eng. and MIn. Jour., 
▼qL 109; pp. 411-415, 457-460, 1016 (abstract); lOne and mill plant of 
the Insplratlan Consolidated Copper Ca: Am. Inst. lOn. Eng. Trans., 
vnL 55^ pp. 707-740, 1917; Oahl, Rudolph, fflstory of the flotation process 
id Miami, Afis.: Am. Inst. lOn. Eng. Trans:, y<ri. 1&, pp. S70-645, 1917. 



separation of the flotation tailings into sand 
and slimes, treatment of the sand on concentre^ 
ting tables, re-treatment of the slimes in flota- 
tion machines, and removal of water from 
concentrates by filtration. 

In 1916 four sections of the mill were 
equipped with Callow flotation machines, 13 
sections with Inspiration flotation machines, 
and one section with the Minerals Separation 
Co.'s machines, in which air is injected under 
stirring paddles. The general flow sheets for 
these three mill divisions are shown in figures 
11 to 13, 

In 1916 the average mill nm was 14,850.1 
tons of ore a day, carrying 1.548 per cent of 
copper. The average saving on all ores was 
74.86 per cent and of the copper in sulphide, 
form 90.95 per cent. It required 26.5 tons' 
of ore to make a ton of concentrates. Not alli 
the mill sections were running at the beginning- 
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FioURK 12.— Flow sheet of Inspiration coooentrator sections equipped 
with Inspiration flotation machlneii. 

of 1916, SO that the above average does not 
measure the total capacity of the miU. The 
average in February, 1917, was 17,013 tons. 

Power for mining and milling is supplied 
from the hydroelectric plant of the Salt River 
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project under a 10-year contract with the 
United States Reclamation Service. The com- 
pany also ownSy jointly with the International 
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Fiou&B 13.— Flow sheet of Insplratloa concentrator sectloa equipped 
with lOnenils Separation flotation machines. 

Smelting Co., a complete steam-power plant 
amply sufficient for all needs in case of failure 
of the electric current. 

SMELTma. 

Prior to 1915 the concentrates from the 
Miami mine were smelted at Cananea, Mexico. 
In that year, however, the reverberatory 
smelter of the International Smelting & Refin- 
ing Co., about a mile west of Miami, was com- 
pleted, and the concentrates of the Inspiration 
and Miami mills are now treated at this plant, 
which has a daily capacity of 250 tons of cop- 
per. A description of the smelter has been 
given by Kerns,* and a general view of it ap- 
pears in Plate XXXlV, B. 

1 Kerns, R.'W., International smeltery at Miami: Eng. and MIn. 
Jour., vol. 101, pp. 421-424, 1916. See, also Ricketts, L. D., Dust losses 
in copper smelting: Eng. and Mln. Jour., vol. 102, pp. 396-397, 1916. 



The normal charge, containing 28.4 per cent 
of copper, is as follows: 

Percent. 

Concentrates 84. 9 

Crushed siliceous ore 2 

Converter secondaries 7. 1 

Pyrite 2.1 

Limestone 5. 7 
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This is treated in the drying plant, which 
consists of five Wedge furnaces, and passes 
thence to three oil-fired reverberatory furnaces 
21 feet wide by 120 feet long. The matte from 
these furnaces, containing 51 per cent of cop- 
per, is charged into five 12-foot converters of 
the Great Palls type. Prom these the copper 
is carried in 18-ton ladles to two tUting fur- 
naces, which pour into two casting machines. 
These machines deliver the copper in slabs 
weighing about 274 poimds each. The daily 
output of copper in September, 1916, was 95 
tons. 

RAT DISTRICr. 

MININa COMPANIES AND CLAIM GROUPS. 

By far the strongest and most active com- 
pany in the Ray district and the one with the 
largest holdings is the Ray Consolidated Cop- 
per Co., which, after acquiring the property 
of the Gila Copper Co. in 1910, absorbed 
the Ray Central Copper Mining Co., leaving 
only the Arizona-Hercules Copper Co.* as an 
important outside factor in the development 
of the disseminated deposits. The general re- 
lations of the claim groups to one another and 
to the area underlain by developed ore are 
shown in figure 14. 

The Ray Consolidated Copper Co. is organ* 
ized under the laws of Maine with an author- 
ized capital of $14,000,000 in shares of $10 
par value. It controls also the Ray & GUa 
Valley Railroad Co., capitalized at $2,500,000. 

The land holdings of the Ray Consolidated 
Copper Co. are large, embracing nearly 2,000 
acres in the Ray district, considerable ground 
in the vicinity of Kelvin, and a tract of 3,750 
acres in the vicinity of Hayden, where the con- 
centrator and smelter are situated. (See 
fig. 150 ' 

* The ground of this company at the date of writing (Norvember, 1916) 
is operated by the |tay-Hercul^ Copper Co. 



HIKBS AKTD MINING. 



101 



The Arizona Hercules Copper Mining Co. is 
capitalized at $10,000,000, with shares of SIO 
par value. It owns about 250 acres of mining 
claims and a mill site; the most valuable part 
of the mining ground is inclosed by the property 
of the Ray Consolidated Copper Co. Details of 
the organization of the Ray Hercules CoppOT 



DBILUHO. 

Prior to extensive underground work the ore- 
bearing area at Ray was explored by chum 
drilling, the holes as a rule being situated at the 
intersections of rectangular coordinate lines 200 
feet apart. The Ray Consolidated Copper Co. 
tested in this way an area of about 185 acres. 




ft I holdings of the tay CohsbI a 
V [.•./- j Srnund formerly anned by Ihe S j CopprrCa and^Qifured 

[^~— A-J DM^r'f of divelcpfd we bodiei Januiry I. 1312 




PiauKi 14.— Claim map Dfthe< 

Co. are not at hand. The company is reported 
to be building a concentrator near Kelvin. ' 



■ Bhm tills ns written tho Itay Berculn Coppei Co., dov owning 
men ttun W.S per oent ot the stock at the Aiiioiu Herciilea Copp«r 
Co.. hM Issued Itt ant aaauiil report, In whleli 11 it italed that tlis 
compan; hu developed Ifim.lW toos of 1.7T por cent ore. The com- 
pvty iaa eorrled out extfinslve onderground work and tins equipped 
the mine for produotioii on a large acale. At Belgravla, a new aettlo- 
ipent ]iut Dorth at Rar Junction and about A mllei rroni tlie mine, a 
connnliBllDg mill wllti a cBpacltf of l.SOO toni a day hai raoently 
been eomplat^ and Is DOW la operation. 



utrsl pirt of the Ray dlnrlcC. 

The total number of holes drilled is 353, and 
their averse depth is 418 feet. The average 
thicl^ness of capping or overburden, as calcu- 
lated by the company's engineers, is 252 feet, 
and the average thickness of the ore 101 feet. 
Although drilling had been discontinued in 1912, 
the extreme limite.of the ore body, particularly 
in its western part, have not yet been fuUy 
ascertained. 
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The average cost 6f drilling at Kaj Was be- 
tween $2 and $3 a foot. Some of the later 
holes, which were not very de^p and were not 
closely sampled^ cost only $1.50 a foot. 

In general, the results obtained by drilling 
agree fairly well with those obtained .by drif tmg 
in the same ground. It has been foimd, how- 



work has thus -curtailed the supposed quantity 
of ore in certain places, it has exposed fuHy 
compensating additions elsewhere. 

irNDEBQBOirND DSVELOPMENT. 

The general plan of development of the Ray 
Consolidated Copper Co.'s mines is indicated in 




FioUBE 15.^0tttltDe map showing the retire positions of the Ray ConsolidsCted Copper Co/s mines and mills. 



ever, that holes which passed through soft 
crushed schist into '^diabase'' gave results that 
were too high — that is, the drill record indi- 
cated that the ore continued some distance 
downward into material that subsequently 
proved to be barren. Although undergroimd 



Plate XXXVn. This map, however, shows 
only the main haulage levels and therefore 
represents but a small part of the actual woik- 
logs. These at the end of the year 1916 had a 
total length of about 107 miles, of which about 
54 miles had been destroyed by stoping op- 
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erations. The underground workings driven 
in 1916 amounted to 66,863 feet. There are 
three mines, known as No. 1, No. 2, and No. 3. 

The plan of the ore body (PL XXXVII) 
shows a marked constriction about 700 feet 
north of the Pearl Handle shaft; which prac- 
tically divides the ore body into two parts. 
No. 1 and No. 3 mines are laid out to work the 
part of the ore body east and south of this con- 
striction, and No. 2 mine the part west of it. 
The greater part of the southeast lobe of the 
ore body, including the ore in the western part 
of what was formerly the Ray Central groimd, 
is being worked through the No. 1 mine. The 
comparatively high-grade ore in the eastern 
part of the former Ray Central ground is worked 
through the No. 3 mine by methods different 
from those employed in the two other mines. 
Between the workings of the No. 1 and No. 3 
mines a wall of ground about 100 feet thick is 
left standing as a precaution against any pos- 
sible flooding of one mine from the other. 

No. 1 shaft and adit are close to Mineral 
Creek, at the northeast base of Ray Hill. The 
levels of this mine are as follows: 

Levelt of No, 1 mine of Ray Contolidated Copper Co, 



Umal deslgimtloo. 



2175Bublevel 

21258ublevel 

A or adit level 

CoUar of No. 1 shaft. 

No. iBublevel 

First level 

19908ublevel 

19808ublevel 

1970Bublevel 

No. 2 8ublevel 

Second level 

1850Bublevel 

Third level 



Approzlmate 
aistanoe 

above (a) or 

below (b) 

collar of 

No. 1 shaft 
(feet). 



102 
52a 
2a 



23 

47b 

83b 

93b 

103b 

133b 

155b 

223b 

300b 



Elevations 

above sea 

level (feet). 



2175 

2125 

2075 

2073 

2050 

2025.8 

1990 

1980 

1970 

1940 

1917. 7 

1850 

1773 



Most of the levels above the first have served 
their purpose and have been abandoned. 

The No. 1 shaft, 300 feet deep, is used solely 
for hoisting ore; it is equipped with 12J-ton 
skips, run in balance by an electric hoist at a 
speed of 300 feet a minute. 

The 2175 sublevel is a tunnel level, opening 
to the surface at two points on the east face of 



Bay Hill. The 2 125 sublevel has similai* surface 
connection. The A or adit level has its portal 
about 350 feet north-northwest of No. 1 shaft 
and connects directly with the old Ray shaft. 
It was run in part by the English company. 
No. 1 sublevel is not directly connected with 
the surface or with the main shaft. The first 
level opens directly to the surface at the base 
of Ray Hill just east of No. 1 shaft, with which 
it also connects. All the ore tributary to this 
level has been mined, and the level was aban- 
doned as a haulage level in 1916. The 1990 
and 1970 sublevels connect with the old* Ray 
shaft but not directly with the No. 1 shaft or 
surface. The No. 2 sublevel communicates 
with the main levels only through raises. The 
second level is directly connected with the 
No. 1 and old Ray shafts and with a 30^ incline, 
opening to the surface about 200 feet southeast 
of the No. 1 shaft. Men, timbers, and such 
waste as must be hoisted all pass through this 
incline. The third level communicates with 
the surface through the same openings as the 
second level. 

An idea of the general plan of the levels may 
be had from Plate XXXVIII. It is essentially 
that of a rectangular grid with 50-foot intervals, 
the whole intersected by a trunk haulage drift. 
In some places the ore is divided into 25-foot 
blocks; in others only those drifts that open 
into the trunk drift (laterals) are developedy 
the cross drifts being omitted. In terms of a 
permanently adopted ''magnetic north" of 
13*" 41' 23'' east of true north, the drifts in 
general run north and east. Some of the 
wide drifts on the first level, southwest of the 
Ray shaft, were run by the English company. 

North and east of No. 1 mine is the No. 3 
which includes what was formerly the 



mine, 



eastern part of the Ray Central mine. When 
this property was purchased by the Ray Con- 
solidated Copper Co. it had been developed 
through the Madeline shaft, on the south side 
of Copper Canyon, principally on the 200, 300, 
and 400 foot levels. The Ray Consolidated Co. 
drove its second level north past the Madeline 
shaft and works the western part of the Globe 
and Isabella claims as part of its No. 1 mine, 
but in order to mine separately the high-grade 
portion of the Ray Central ore body, a new 
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shaft was sunk 500 feet east-southeast of the 
Madeline shaft. This new shaft with its con- 
necting levels constitutes the No. 3 mine. The 
levels of the No. 3 mine are laid out on the 
original Ray Central coordinate hnes, 20^ west 
of north and 20^ north of east, and are six 
in number. Their elevations in feet above sea 
level are as follows: 

First 2,042 

Second 1 , 946 

Thiid 1,843 

Fourth 1,760 

I , Fifth 1,730 

Sixth 1,672 

The No. 2 vertical shaft and incline of the 
Bay Consolidated Copper Co. are three-fourths 
of a mile nearly northwest of the No. 1 shaft, 
on the west side of Mineral Creek, just south 
of the mouth of Sharkey Gulch, and are similar 
in size, arrangement, and equipment to those 
of the No. 1 mine. 

The levels are as follows: 

Levels of No. t mine of Ray Consolidated Copper Co, 



Usual designatloD. 



2190Bublevel 

2140Bublevel 

Collar of No. 2 shaft. 

2090Bublevel 

2090 level 

2046 8ublevel 

2020Bublevel 

19258ublevel 

1926 level 

1860 8ublevel 

1775 level 



Approxi- 
mate dis* 
tance above 

a) or below 

b) collar of 
0.2 shaft 
(feet). 



VHJ 



56 
6a 



14 
44b 
88 b 
114 b 
184 b 
209 b 
274 b 
359 b 



EtevstfoD 

above sea 

level (feet). 



2 190 
2,140 
2,134 
2,120 
2,090 
2,046 
2,020 
1,950 
1,925 
1,860 
1,775 



The 2090 level is an adit, with its portal just 
east of the No. 2 shaft. It connects with this 
shaft and also with the Humboldt, Sharkey, 
and Matthias & Hall shafts. The 1925 level 
connects with the No. 2 shaft and incline and 
with the Sun and Matthias & Hall shafts. 
Both these levels have been planned for the 
extraction of the part of the ore body under 
and adjacent to Humboldt Hill. The 2090 
and 2190 sublevels are for the most part imder 
Humboldt Hill and are of comparatively small 
extent. 



8TOPINO. 

The general system of stoping adopted in 
the No. 1 and No. 2 mines at Bay is that com- 
monly known as the shrinkage^tope caving 
system, and has been fully described by 
Blackner.* The sills of the stopes are started 
25 feet above the main haulage levels, instead 
of 50 feet, as in the Miami mine. The stopes 
are carried up from 20 to 22 feet wide, the 
miners working on the broken ore, of which 
only enough is drawn to provide working space 
at the top of the stope. When all the stopes 
in a given section of the mine have been car- 
ried up to the capping, or overburden, the ore 
is drawn systematically from the numerous 
chutes, so that the overburden will cave and 
the pillars crush as evenly as possible over the 
whole area. No timber is used in the stopes. 
At Ray the stopes are at right angles with the 
haulage laterals beneath them; at the Miami 
mine the stopes are parallel with and directly 
over the tramming drifts. 

Electric locomotives draw the ore in trams 
of 5-ton cars to the main shafts, where the 
cars are dumped in tipples. At the surface 
self -dumping skips deliver the ore to crushers 
and coarse rolls, from which it is conveyed into 
capacious steel bins, capable of holding about 
a week's supply. From these are loaded the 
regular ore trains of thirty-two 60-ton steel cars, 
for the concentrator at Hayden. 

The No. 3 mine is worked by square-set 
stoping, this relatively expensive^ method, 
costing about four times as much as shrinkage 
stoping, being warranted by the character of 
the ore. 

TREATMENT OF ORB. 

At Hayden, 20 miles from Ray, the ore is 
concentrated in a mill designed in accordance 
with the practice at Garfield, Utah. There 
are eight sections, each with an originally 
designed capacity of 1,000 tons. The actual 
capacity of this mill in 1916, however, was 
9,475 tons, and changes were in prc^ess to 
increase the output still further. At first 
concentration was effected whoUy by running 
water, but later a flotation section was added. 

1 Blackner, L. A., Underground mining systems of Ray Consolidated 
Copper Co.: An;L Inst. lOn. Eng. Trans., vol. 62, pp. 381-423; 1916. 
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The operations of the mill up to the end of 
1918 are summarized in the foUowing table: 

Operations of Ray Consolidated Copper CoJ*b mmes and mill, 

1911-1918, 



Year. 



1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 



Total ore 
mUled. 



Tom. 

681. 519 
1, 565, 875 
2, 365, 296 
2, 427, 700 
2, 848, 969 
3, 332, 340 
3,560,900 
3, 411, 000 



20, 193, 599^ 



Avvface 
contents 


Cost of 
Bilning 


in copper. 


pertan.a 


Per cent. 


Oeni». 


L83 


81.60 


1.68 


77.55 


1.72 


73.22 


L76 


62.42 


1.67 


62.68 


1.61 


80.07 


1.62 


109.00 


L61 


176.00 


L68 


90.32 



Cost of 
milling 
per ton. 



Crnt*. 
59.45 
46.88 
51.93 
49.88 
50.86 
55.35 
82.86 
101.00 

6^27 



Year. 



1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 



MUl extrac- 


tion. 


Percent, 


63.01 


68.28 


66.09 


67.88 


64.11 


70.20 


74.53 


74.92 


68.62 



Cost per poand 
of copper. 



Cent*. 

10.765 

9.828 

0.784 

8.839 

9.497 

10.267 

12. 141 

17.695 



11. 102 



Copper produoed.ft 



P<mni». 
15, 721, 520 
35, 861, 496 
63, 745, 937 
58, 020, 955 
61, 114, 514 
75, 182, 915 
86, 797, 586 
82, 445, 710 



468, 890, 633 



a Indudes all flxed and general charges as well as coarse crushing. 
f> Does not include copper from ore sent directly to the smelter. 

In addition to the ore milled the company 
shipped directly to the smelter ore containing 
the following quantities of copper: 

Pounds. 

1913 412,372 

1914 1,023,745 

1915 1,425,682 

1916 2,673,798 

1917 5,409,770 

1918 ;... 4,473,560 

15, 418, 927 

The concentrates as a rule contain from 18 to 
23 per cent of copper. 

Alongside of the concentrator is a smelter 
built and owned by the American Smelting & 
Refining Co. on ground. leased from the Ray 
Consolidated Copper Co. This has been de- 
scribed by VaU.* It was completed in May, 
1912, and has treated all the concentrates from 
the Ray mill. Since July, 1913, it has smelted 
also concentrates from other mills. 

At Hayden also is a power plant, capable of 
developing over 15,000 kilowatts, which, in 
addition to operating the concentrator and 
smelter, supplies the mines at Ray. 

1 Vail, R. H., Smelting Ray concentrates at Hayden, Ariz.: Ecg. and 
Min. Joor., yoL gfi, pp. 563-08,1914. 



Some idea of the magnitude of the task of 
preparing for mining and treating from 8,000 
to 10,000 tons of ore a day may be gained from 
the statement that the net expenditures of the 
Ray Consolidated Mining Co. for property and 
development to December 31, 1911, amounted 
to $14,635,314.81. 

Those who desire more information about the 
substantial and modern equipment of the Ray 
Consolidated Copper Co. than can be com- 
passed in a few brief paragraphs may find many 
technical details in the annual reports of the 
company and elsewhere.* 

ORE AVAILABLE. 

Estimates of the quantity of ore available in 
the mines of the Ray and Miami districts vary 
with the data used in computation. As the ore 
is in most places not definitely boimded, the 
calculated available tonnage depends very 
largely upon the fixing of an arbitrary line be- 
tween those assays that correspond to ore and^ 
those that do not. If eveiything above 1.3 
per cent be classed as ore the tonnage, for ex- 
ample, will be much greater than if 2 per cent 
be taken as the lower limiting tenor. More- 
over, material that on assay gives 3 to 4 per 
cent of copper may be of less value or even of 
no value as ore if the copper is in one of the 
oxidized forms that can not readily be concen- 
trated with the sulphides. In general the lower 
limit of ore is taken to be from 1 to 1.5 per cent. 

It is believed that the engineers of the dif- 
ferent companies have been careful in their 
estimates of the available quantity of ore for 
their respective mines and that there has been 
no attempt at exaggeration. It is to be re- 
membered, however, that the results are esti- 
mates — ^not exact measurements. 

On January 1,1917, the Miami reserves stood 
as follows: 

/ Tons. 
Sulphide ore carrying 2.40 per cent of copper. 16, 400, 000 
Sulphide ore carrying 1 .06 per cent of copper. . 28, 000, 000 
Partly oxidized ore carrying 2 per cent of cop- 
per (not fuUy developed) 6,000,000 

50,400,000 

I Dinsmore, C. A., The Ray Consolidated CopiMr Co.: Mln. and Sd. 
Press, vol. 103, pp. 282-285^ 1911. 

(Anon.), Electric hoist at Ray: Min. and Sd. Press, voL 103, pp. 
310-311, 1911. 

Herrlck, R. L., Ray CknsoUdated mines: BCInesand Minerals, vol. 297, 
pp. 544-^546, 1909. 

Edhobn, C. L., Ore handling at Ray, Ariz.: Eng. and Min. Joor., vol. 
92, pp. 1142-1144, 1911. 

Penny, A. N., Mining low-grade copper ore by Ray Consolidated: 
Eng. and Min. Jour., vol. 99, pp. 767-770, 1915. 

Blackner, L. A., Undergroond mining systems of Ray CoosoUdated 
Copper Ca: Am. Inst. Min. Eng. Trans., vol. £2, pp. 381-422, 1916. 
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At this time 6,839,606 tons of ore had been 
mined, chiefly of relatively high grade, which 
added to the above total gives 57,239,606 tons 
as the quantity of ore originally present in the 
ground. Future development is more likely to 
increase than diminish this estimate. 

The estimated reserves of the Inspiration 
Consolidated Copper Co., without subtraction 
of the 1,152,556 tons extracted to the end of 
1915, were given as follows in the company's 
report for that year: 



to the latest estimate available contained 
106,667,080 tons. This includes about 500,00a 
tons of or^ averaging between 5 and 6 per cent, 
originaUy present in the ground f onperly owned 
by the Ray Central Co. 

The Arizona Hercules Copper Co., on the 
basis of drill records, estimated in 1914 that in 
its property there is at least 3,200,000 tons of 
2.44 per cent ore and possibly as much as 
9,000,000 tons in all, of a little lower average 
grade. The present operating company, the 



Estimated ore reserves of the Inspiration Consolidated Copper Co, 



Classlflcation of 


Developed in orfgfnal 
exploration. 


Developed by drill- 
ing in 1913. 


Originally developed 
but not reported. 


Keystone ^ thnmgh 
TCirohaae of prop- 
erty, 1914. 


1 

Total. 


materiaL 


Tons. 


Per 
cent of 
oopper. 


Tons. 


Per 
cent of 
oopper. 


Tons. 


Per 

cent of 
oopper. 


Tons. 


Per 
cent of 
oopper. 


Tons. 


Per 

cento! 
oopper. 


Sulphide ore 

Low-grade sulphide 
mat^nftL.r - . - . - - 


45, 000, 000 


2 










1,252,000 

376,000 

5, 015, 300 

856,700 


2.24 
1.13 
L25 

1.62 


46,252,000 
28,698,000 
17, 460, 300 

4, 732, 700 


2 01 


2, 839, 000 
3, 767, 000 

252,000 


L45 
L33 

1.53 


25,483,000 
8, 678, 000 

3,634,000 


1.24 
1.34 

1.22 


L26 


Oxidized mate- 
rial 






1.31 


Mixed carbonate 
and sulphide 
material. . . . . r . . . 






1 31 












45, 000, 000 


2 


6,858,000 


1.39 


37, 785, 000 


L26 


7,500,000 


1.45 


97,143,000 


L63 



These estimates give a grand total of 143,- 
282,419 tons of known ore originally present 
in the Miami district. 

The known reserves of the Ray Consolidated 
Copper Co. at the end of 1916 are given in the 
company's report for that year at 93,373,226 
tons, averaging 2.03 per cent of copper. There 
had been mined at this date 13,293,854 tons. 
Consequently the original ore body according 



Ray Hercules Copper Co., has done considera- 
ble drilling since this estimate was made.^ 

The total quantity of known ore originally 
present in the Ray district and averaging be- 
tween 2 and 2.5 per cent may be taken as be- 
tween 110,000,000 and 116,000,000 tons. There 
probably remains a considerable quantity yet 
to be developed. 

1 This company's report for the period from the beginning of opera- 
tions to Oct. ai, 1917, gives 9,500,000 tons of 1.77 per oent sulphide ore. 



Chapter V.— Geology op the Miami District. 



TOPOGRAPHY. 

The Miami district lies near the western edge 
of the broad conglomerate-filled basin in which 
is situated the town of Globe, and through 
which Pinal Creek flows northward to join 
Salt River. The main part of the Pinal Range 
lies to the south of the district. Its masses 
of pre-Cambrian crystalline rock rise rather 
more boldly than is suggested in Plate XXII, 
G and D, above the intricately dissected flank- 
ing deposits of Gila conglomerate. To the 
north is the cluster of irregular hills which, as 
explained on page 81, is also a part of the Pinal 
Range. These hills are composed largely of 
minutely faulted Paleozoic rocks with masses 
of overlying dacite, also faulted, and inclose 
small lowland areas of diabase and pre-Cam- 
brian granite. Southwest of the district the 
range, owing to the comparative ease with 
which the Schultze granite is eroded, is rela- 
tively low, the depression forming a broad, 
irregular, and rather rugged pass from the 
drainage basin of the northward-flowing Pinal 
Creek to the headwaters of the southward- 
flowing Mineral Creek. This route was for- 
merly much used by the Indians and was the 
one taken by Marvine in his reconnaissance 
from Fort Apache to the valley of the Gila in 
1871. Bloody Tanks Wash, the flat-bottomed 
streamway along which the town of Miami 
has been built, heads in this pass. Its sinister 
name is said to commemorate an Indian con- 
flict near certain water holes in granite at the 
head of the wash. 

The topography of the district itself as 
mapped on Plate XXXIX is fairly nigged and 
irregular, the rehef ranging from 3,400 feet at 
Miami to 5,050 feet on Needle Mountain, at the 
western edge of the area. The dominant fea- 
ture is the east-west Inspiration Ridge (PI. XL) 
separating Bloody Tanks Wash and its tribu- 
tary arroyos on the south from Webster Gulch 
on the north. The nortli side of this ridge is 
generally much steeper than the south side, 
although Webster Gulch is considerably higher, 
within the confines of the area here described, 
than Bloody Tanks Wash. 



The topography in detail is to a considerable 
extent expressive of the rocks from which its 
forms have been fashioned. Areas of Gila 
conglomerate show much branching but on 
the whole rather even crested riches and 
spurs; the drainage is typically dendritic and 
does not record the influence of a^y rock 
structure. (See PI. XXXVI, J8.) Rarely, as 
at Needle Mountain, the conglomerate is hard 
enough to stand conspicuously above the gen- 
eral erosion 8iu*face. 

The Schultze granite area shows the rough 
bouldery outcrops characteristic of the weath- 
ering of granite in arid regions and varies 
sufficiently in its resistance to erosion to give 
considerable topographic diversity. The exist- 
ence of a sheeted structure in parts of the mass 
also contributes to this result. The topog- 
raphy of the porphyry f acies north of Bloody 
Tanks Wash is less bold than that of the 
coarser-textured granite. Little pointed hills 
and steep-sided ravines with no regularity in 
their arrangement and with few prominent 
rock outcrops characterize this part of the 
granite area. 

The topography of the schist areas is in 
general fairly rugged, with steep slopes and 
acute hiU crests. It exhibits considerable 
diversity, dependent on differences in the 
structure and character of the schist from place 
to place. 

It does not appear that ore deposition has 
had any share in determining the present 
configuration of the surface, although its 
effects as regards the coloring of the siu*f ace 
are evident in any general view over the 
country. 

Miami Wash, at times swept by formidable 
torrents, is dry throughout most of the year. 
Webster Gulch, except in seasons of unusual 
drought, carries a little water above Inspira- 
tion. 

FORMATIONS LOCALLY REPRESENTED. 

The rocks of the Miami district comprise the 
Pinal schist, the Pioneer shale (with which, as 
mapped on PI. XXXIX, is included the basal 
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Scanlan conglomerate), diabase, the Willow 
Spring granite, the Schultze granite (including 
marginal porphyry facies), dacite, and the 
Gila conglomerate. Each of these formations 
has been described in connection with the 
geology of the region (pp. 30-75), and all that is 
necessary here is the supplementing of those 
genercJ descriptions with a few local details. 

The Pinal schist of the district is as a rule 
thoroughly crystalline and glitters with abun- 
dant silvery foils of sericite. The schist folia 
are generally contorted, and in certain localities, 
as along Webster Gulch near Inspiration, they 
are intensely crumpled and the rock contains 
much quartz, partly in small fissures and partly 
in spaced opened between the cnmipled and 
separated leaves of the schist. Although most 
of the Pinal schist is essentially a quartz and 
sericite rock, some varieties, such as that along 
Liveoak Gulch in the central part of the dis- 
trict, contain biotite also. This dark mica as a 
rule is rather unevenly distributed through the 
schist, to which its presence thus gives an 
indistinct mottled appearance. 

The older sedimentary formations, which at 
other places in this region are so thick and 
conspicuous, have been almost completely 
eroded from the Miami district. They are 
represented solely by a few remnants of the 
Pioneer shale and the basal Scanlan conglom- 
erate, which are exposed in narrow areas north 
of Inspiration. A thick sheet of diabase has 
invaded and displaced the shale, in consequence 
of which only the lower beds between the 
intrusive rock and the schist are now present. 
Masses of the shale have been included also in 
the diabase. The Scanlan conglomerate is 
locally well developed and attains a thickness 
of 20 to 30 feet. It is composed of rather 
angular fragments of quartz in a hard matrix 
made up chiefly of particles of schiist. The 
shale is locally baked and hardened by the 
intrusion of the diabase. 

The diabase is the normal diabase of the 
region, which has been described on pages 
53-56. It occurs along the northern ec^e of 
the district and is not closely associated with 
the disseminated ore deposits. 

The Willow Spring granite has been described 
on pages 52-53. It is a comparatively small 
intrusive mass, of which about half of the ex- 
posed area is shown in Plate XXXIX. 



To the general accoimt of the Schultze 
granite given in pages 59-61 little need here 
be added. The rock, as may be seen from Plate 
XXXIXy occupies a large part of the district 
and is intimately related to the ore zone, which 
conforms in general to the northern boundary 
of the intrusive mass, although it does not coin- 
cide with this boundary in detail. 

Areally the Schultze granite is divided into 
two parts by a constriction northwest of 
Bloody Tanks. The main body of the granite 
lies south of this constriction and, save on its 
margins, is prevailingly granitic in texture. 
The northern lobe, on the other hand, is 
granite porphyry and contains little if any 
true granite. Both textural varieties, how- 
ever, are merely facies of one intrusive mass, 
and the passage from one into the other is 
gradual. 

The rock of the northern lobe, particulariy 
of that part of the lobe lying north of Liveoak 
Gulch, has been fissured in an extraordinarily 
minute fashion, and the countless little irr^ular 
cracks have been filled with quartz or, less 
generally, with quartz and sulphides. The 
result is a very brittle and fragile mass, which 
the forces of erosion have cut into forms 
characterized rather by a petty sharpness and 
irregularity of featiu*e than by the bold sim- 
plicity to be expected of a landscape that has a 
granitic foundation. 

The dacite, which occurs only in the north- 
west half of the district, is for the most part of 
the same character as that described on pages 
68-71 for the general region. The Whitetail 
conglomerate is locally absent, and the dacite 
rests in most places directly on the older rocks. 
Northeast of Inspiration, however, part of the 
dacite is underlain by dacite tuff, with some 
layers of schist conglomerate, which apparently 
represent a very local accumulation in a small 
hollow in the predacitic surface. This material 
is so poorly exposed, covers so small an area, 
and is so difficiilt to separate satisfactorily 
from the massive dacite that it was mapped 
with that rock as a unit, although perhaps it is 
strictly a local correlative of the Whitetail 
conglomerate. The tuff is of some economic 
importance as containing the chrysocoUa ore 
of the Warrior mine. 

The Gila conglomerate covers two relatively 
large areas. One of these stretches along the 
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eastern margin of the district and is merely a 
small part of the great mass of conglomeratic 
material that occupies the valley of Pinal Creek 
and constitutes the terrane adjacent to the town 
of Globe. The other area lies west of the IJve 
Oak mine and for the most part north of 
Needle Mountain. The portion shown in Plate 
XXXIX is a little more than half of an isolated 
body of the conglomerate; which, as shown by 
a chain of small residual masses on the ridge 
south of Liveoak Gulch; was once connected with 
the conglomerate to the east. 

As usual, the materials of the conglomerate 
shew much local variation. In the eastern part 
of the district the formation presents what may 
be called its prevailing or typical aspect. As 
exposed on the lower levds of the Miami mine 
the conglomerate consists of angular or suban- 
gular masses of Schultze granite and schist, as 
much as 5 feet in diameter, with varying pro- 
portions of sandy matrix. The constituents 
are very poorly assorted, and many of the lai^ 
boulders are surroimded with much finer mate- 
rial or are in contact with streaks of sand. The 
bedding, as might be expected, is ciude, and in 
many places there is only a suggestion of strati- 
fication. Here and there, however, lenticular 
layers of sand or fine gravel show distinct local 
bedding. Most of the large schist fragments are 
slabby and lie with their flat sides roughly par- 
allel with the sandy layers. 

The conglomerate of the Needle Mountain 
area is made up in its southern part chiefly of 
the Schultze granite and in its northern part 
chiefly of dacite. Both varieties have in places 
been cemented to hard rocks. As already men- 
tioned (p. 71), some of the granitic fragments 
are of remarkable size.^ 

No ore in workable quantity occurs in the Gila 
conglomerate, and the chief economic interest 
of the formation lies in the fact that it covers 
parts of the ore bodies and in places must bo 
penetrated by the drills before the metallized 
schist can be explored. Although, as will be 
explained later, there is good reason to suppose 
that the ore bodies were formed before the depo- 
sition of the conglomerate, fragments of metal- 
lized schist are extremely rare in that formation. 
In a drill hole bored for a well near the railway 
station at Miami bits of schist with native cop- 
per in small seams were obtained from the con- 

t These varieties of the conglomerute have been described more fully 
in U. 8. Geol. Survey Prof. Paper 12, pp. 63-54, 1903. 



glomerate at a depth of about 500 feet. A frag- 
ment of schist, apparently in place in the con- 
glomerate on the roadside between the office and 
store of the Miami Copper Co. and containing a 
little chrysocoUa and malachite, was called to 
my attention in 1912 by Mr. H. P. Bowen, who 
informed me that it was the only mass con- 
taining copper that he had seen in the conglom- 
erate. The Barney shaft was simk in Gila con- 
glomerate said to consist exclusively of schist 
fragments. A little copper is reported to have 
been detected in this material, but in what foim 
is not known. 

Chum-drill hole No. 75 of the Miami Copper 
Co. was put down in the Gila conglomerate 
about 1,600 feet east-southeast of No. 4 shaft. 
It had been the intention to go through the Gila, 
but in October, 1916, the hole had to be aban- 
doned at a depth of 2,050 feet, without entirely 
penetrating the conglomerate. Native copper 
was first detected in the sludge from a depth 
of about 1,000 feet and continued to be foimd 
to the bottom of the hole, the proportion of 
copper apparently increasing downward. The 
highest assay obtained was 0.95 per cent of 
copper. Samples of sludge were sent by the 
Miami Copper Co. to Prof. L. C. Graton, of 
Harvard University, who reported that some 
of the particles of copper showed derivation 
from chalcocite and suggested that probably all 
the native copper foimd in the hole had the 
same origin. From the observed relation of 
native copper to chalcocite seen in parts of the 
mine workings this suggestion appears highly 
probable, and the occurrence is interpreted as 
indicating that the Gila conglomerate in its 
deeper portions contained originally, near the 
Miami ore body, fragments of chalcocitic ore 
derived by erosion from that ore body. 

STRUCTURE. 
PBIMITIVS ELSICBNTS. 

• 

Originally deposited as beds of sedimentary 
material, the Pinal formation before or during 
its change to schist was folded and perhaps 
faulted; but all traces of bedding have dis- 
appeared jand the schist is so uniform in char- 
acter as locally to give no clew to its ancient 
stratigraphic structure. Accordingly consid- 
eration of recognizable structural features 
starts from the conception of the Pinal schist 
as the homogeneous and fundamental rock 
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overlain unconfonnably by the beds of the 
y Paleozoic series in horizontal attitude and in 
apparently conformable sequence. 

EFFECTS OF POST-PALEOZOIC IKTBTTSIONS. 

The first recognizable disturbance of these 
simple conditions appears to have been asso- 
ciated with the intrusion of the diabase, which 
is supposed to have taken place in early 
Mesozoic time, although there is some uncer- 
tainty attached to the geologic date of this 
event. As elsewhere in the region, the diabase 
was intruded mainly as thick irregular sills 
connected with many croescutting bodies of 
still more irregular form. The larger masses of 
diabase north of Webster Gulch are parts of 
such a sill which was intruded principally along 
a horizon in the Pioneer shale a few feet above 
the Scaolan conglomerate. In many places, 
however, the diabase is in intrusive contact 
with the schist. 

As usual 'm this region, masses of the invaded 
strata were split off, were completely inclosed 
in the magma, and were displaced by the 
movement of the molten material. The old 
pre-Cambrian surface, as shown by the narrow 
outcrops of the Pioneer shale and Scanlan con- 
glomerate north of Inspiration, is no longer 
horizontal but has been locally tilted to the 
south or southwest, probably since the in- 
trusion of the diabase. 

The next event definitely recorded in the 
structure was the intrusion of the Schultze 
granite and probably also at nearly the same 
time that of the Willow Spring granite. 

The part of the Schidtze granite south of the 
constriction near Bloody Tanks forms an 
irregular stock, which as a whole probably 
extends to great depth. Its contact with the 
schist, as visible at the surface, indicates that 
in some places the stock becomes larger down- 
ward and that its sides in general are steep. 
Most of the exploration by chtun drilling has 
been carried on to the north of the main 
granite mass, and consequently there is little 
to confirm or disprove the tentative suggestion 
as to its general shape drawn from surface 
exposures. Drill hole No. 3 in the Schultze 
group of claims, situated southeast of Needle 
Mountain, in a lobe of schist inclosed on three 
sides by granite, is about 950 feet deep, and 



although the granite at the surface is only 650 
feet away the hole is said to be entirely in schist. 

North of the Bloody Tanks constriction the 
granitic magma solidified for the most part as 
porphyry, and this difference in texture is 
associated with a differemce in the form of the 
mass. This porphyry lobe may be considered 
in two parts — one north and the other south of 
I^iveoak Gulch. The southern part is outside 
of the known ore-bearing area, and, as it has 
not been prospected with drills, nothing is 
knovni of its shape beyond what may be 
deduced from surface exposures. The north- 
em part, on the other hand, has been exten- 
sively drilled, and this work, in connection 
with surface relations and with mining explo- 
ration, has brought out the interesting fact 
that much of this porphyry is underlain by 
schist. It is, in part, at least, a laccolithic sheet, 
not a stock. This is particularly true of the 
area southwest of the Bulldog shaft. Here the 
numeroxis drill holes on the Live Oak ground 
show that schist everywhere imderlies a sheet 
of porphyry which in places is 700 feet or more 
in vertical thickness. In general the xmder 
surface of the sheet, as shown by drill records, 
dips west-southwest. In the western part of 
the Live Oak ground, near the Live Oak No. 2 
shaft, which passes from poiphyry into schist 
at a depth of 510 feet, the contact is fairly 
regular and the angle of dip is about 30^. 
East of the No. 2 shaft the porphyry lies 
flatter and its imder surface is less even. An 
attempt to visualize the form of this surface 
by tentative contours plotted from the driU 
records suggested the homely comparison of a 
shallow bowl or basin, much battered and 
dented, with a deep notch on its west side. 
The deepest part of the basin, 3,560 feet above 
the sea, is about 900 feet eastr-northeast of the 
No. 2 shaft. (See PI. XLH.) 

A part of the schist that underlies this sheet 
of porphyry is exposed as a narrow strip along 
the north side of Liveoak Gulch, west of the 
Sulphide tunnel. Along its northern edge this 
belt of schist is apparently in igneous contact 
with the porphyry and, as shown by the drill* 
ing, the contact dips steeply to the north. A 
nearly north-south section on live Oak coor- 
dinate line K, constructed from d|*ill records, is 
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shown aa figure 16. Apparently a fault with a 
throw of about 100 feet ia crowed by the sec- 
tion, but DO coiree^oDding fissure has been 
noted in the porphyry at the surface. Thia 
section is about 100 feet west of the portal of 
the Sulphide tunnel. East of that tunnel the 
porphyry sheet becomes thinner and its under 
surface is more nearly horizontal than it is to 
the west, as is indicated by the relation of the 
schist and porphyry contact to the topography 
northeast of ^e portal of the Sulphide tunnel. 
(See PI. XXSIX.) 

The porphyry mass lying between the Bull- 
dog and Sullivfui shafts is for the most part 
south of the ore zone and has not been pene- 
trated by many drill holes. Consequently its 
shape is not well known. The northern 
boundary of the mass is irregular, and the 
porphyry extends many 4onguea and one con- 
siderable dike, that of the Miami mine, into the 




TioTTSs IA.— Oealogl< 



schist. Some information on the character of 
this contact ia furnished by the sections across 
Inspiration Ridge shown in Plate XLI, The 
drill-hole data upon which these sections are 
largely based leave much to be desired, e^e- 
cially as to the extent to which faulting has 
determined the form of the porphyry body. 

In general the contact dips south, and part of 
the porphyry thus overlaps the schist. It is by 
no means certain, however, that all the por- 
phyry north of Liveoak Gulch rests on schist. 
There may be places where the eruptive rock 
continues down to that indefinite region of 
great though unknown depth whence the 
magma came. 

The mass of schist in the vicinity of the No. 1 
or Captain shaft of the Miami mine appar^itly 
extends to no great depth and is probably an 
inclusion in the porphyry. There ia some 
schist near the Captain shaft on the 80-foot 
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level, but at the 135 and lower levels the shaft 
is in porphjny. Most of the Captain ore body 
is in porphyry, in part directly under the 
isolated body of schist exposed on the surface. 
On the other band, on most of the Captain 
levels schist is present in the northwest comer 
of the claim, although the rock at the surface is 
porphyry. This deeper schist in the north- 
western part of the Captain levels is probably 
continuous with the main mass of schist north 
of the porphyry. The strip of porphyry shown 
in Plate XXXIX just east of the No. 1 abaft 
coincides in general with the barren zone 
between the main Miami ore body and the 
Captain ore body. Consequently there are few 
drifts under it. 

The main ore body of the Ttfiaini mine, which 
] is chiefly in schist, is bounded generally on the 
! southwest by granite porphyry. The contact 
j appears to have been originally an intrusion 
contact, but there has been consider- 
able later disturbance, and in numy 
places porph}^ and schist are faulted 
together. The general dip of this con- 
tact is northeasterly, steep near the 
surface bat much lower under the 
Miami ore body. The No. 2 shaft of 
the Miami mine, which was 720 feet 
deep, is said to have penetrated granite 
porphyry for a few feet when sinking 
stopped. 

From the rather fragmentary data 
available it appears that the lobe of pat- 
phyry exposed on the south slope of Inspiration 
Ridge between the Bulldog shaft on the west 
and the Gila conglomerate on the east is prob- 
ably in the main a thick sheet very irr^ularly 
intruded into the schist along its margins. On 
the north the schist appears in general to dip 
under it. Half a mile west of the town of 
Miami, on the other hand, the schist appears 
to overlap the porphyry from the east. How 
thick this porphjry may be near the center of 
the lobe, aay at the portal of the Inspiration 
tunnel, it ia impossible to determine without 
drilling. 

XTRCTS or FAULTINQ. 

In common with the region of which it is a 
part, the Miami district contains numerous 
faults which probably are not all of the same 
^e and which certainly are not susceptible of 
aystematic grouping. Although the evidence 
for the existence of most of the faults that are 
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shown in Plate XX A I A is plain, it is generally 
impossible to ascertain even roughly the dis- 
placement involved, owing to the absence, of 
regular and persistent structural features to 
serve as datum planes from which measure- 
ments of dislocation might be made. 

The most conspicuous line of dislocation 
shown on the geologic map of the district 
(PL XXXIX) is the Miami fault, which limits 
the Miami ore body on the east. The general 
course of this fault is from 20° to 25° east of 
north, and the fault plane dips east at angles 
which vary considerably from place to place 
but of which the average is probably between 
45° and 50°. The footwall in the Miami mine 
is mainly schist, and the hanging wall is the 
Gila conglomerate. The fault is thus of normal 
type, and, in terms of relative displacement, 
iixe conglomerate has been faulted down 
against the schist. The throw of the fault has 
not been determined, but inasmuch as the 
conglomerate . south of Bloody Tanks Wash 
rests evenly on the schist at an elevation of 
about 3,700 feet above the sea and the bottom 
of the Miami Ko. 4 shaft is in conglomerate at 
about 3,000 feet, the difference, or 700 feet, 
is probably a minimum measure of the vertical 
displacement. Near the No. 4 shaft, as may 
be seen in the loop of the 420 level, the sandy 
layers in the conglomerate dip about 40° 
NW. — that is, toward the fault. This sug- 
gests that the conglomerate is part of a fault 
block that actually was depressed with a tilt 
toward the fault and that the throw is prob- 
ably more than 700 feet. That it may be 
very considerably more is su^ested by the 
great thickness, over 2,050 feet, of conglom- 
erate found in drilling hole No. 75 (see p. 109), 
only about 2,500 feet from the outcrop of the 
fault fissure. 

At the surface the Miami fault is less evident 
than in imderground exposures, and from 
superficial appearance alone the contact be- 
tween the conglomerate and schist might be 
interpreted as the result of the disposition of 
the coarse gravels against a steep slope. It 
has in fact been suggested by some observers, 
although not, so far as I am aware, in pub- 
lished descriptions, that faulting and con- 
glomerate deposition went on simultaneously, 
the conglomerate being laid down against the 
scarp formed by the relatively uplifted schist 



on the west side of the dislocation. Were this 
true, it would appear that the material of the 
conglomerate close to the fault ought to be 
markedly different from that farther east. It 
should contain abundant large fragments of 
metallized schist derived from the newly 
formed scarp. On the contrary, the material 
is lai^ely granitic, and appears to have come 
for the most part from points west of the 
Miami ore body and is similar to the material 
of the extensive conglomerate area west of the 
Live Oak mine and of the smaller residual 
areas on the ridge south of Liveoak Gulch. 
The conclusion that the faulting was, in the 
main at least, subsequent to the deposition of 
the conglomerate, involves the supposition that 
a blanket of conglomerate several himdred feet 
thick has been removed by erosion from the 
central part of the«district. Such vigorous 
denudation in Quaternary time seems at first 
glance a little startling to one who has seen 
the Oila conglomerate only as it lies in the 
depression drained by Pinal Creek between 
the Pinal Range and the Globe Hills. G>n- 
sidered, however, in connection with the topo- 
graphic and structiu-al relation of the con- 
glomerate as shown in the western part of the 
Miami district (PI. XXXIX), the idea of 
intense local erosion of the conglomerate be- 
comes not merely tenable but inevitable. 

The conglomerate perched on the top of 
Needle Moimtain, overlooking ravines cut 
deeply into schist and granite, the residual 
masses of conglomerate south of Liveoak 
Gulch, and the conspicuous faulting of the 
large, thick mass of conglomerate in the western 
part of the area against the schist and granite 
in the upper part of Liveoak Gulch all point 
unmistakably to active deformation and erosion 
since the deposit accumulated. The relations 
of the conglomerate east and west of the 
Miami fault to the present topography are 
shown in section as figure 17. The section 
shows considerable irregularity in the present 
slope of the preconglomerate surface, perhaps 
in part explicable through the difi&culty of 
mapping the contact between the ooiiglomerate 
and an imderlying rock and in part to the 
effect of unrecognized faults in the schist and 
granite. The illustration, however, makes 
clear the facts that there has been great local 
erosion of the Gila conglomerate and that a 
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notable volume of the conglomeratic material 
has been removed from at least a large part 
of the area in which older rocks are now 
exposed. 

West of the town of Miami there is an offset 
of about 1,000 feet in the course of the Miami 
faulty the southern i)ortion of the fissure being 
relatively shifted to the east. This offset 
(see Pis. XXXIX and XL) is interpreted as the 
effect of a younger cross fault. If this younger 
fault is a normal fault, it should dip northeast 
to produce the offset observed. No satisfac- 
tory exposure of this fault could be foimd, 
and it is shown on the geologic map as a hypo- 
thetical or inferred dislocation. 

In the Miami mine the Miami fault is not 
so well exposed as some others of less structural 
importance. Between the main plane of 
movement and the ore there generally inter- 
venes more of less barren leached schist, and 
consequently many of the east drifts stop before 
they reach the main gouge, some of them at 
subsidiary slips in the footwall. Where they 
reach the main fault heavy timbering and 
close lagging are necessary to hold the ground, 
and opportunities for observation are thus lost. 
Nevertheless good exposures of the fault are 
to be seen at a few places. On the 570-foot 
level the south haulageway from the No. 4 
shaft, which is in the Gila conglomerate, goes 
through the fault just before the ore body is 
reached. Here the principal plane of move- 
ment, next to the conglomerate, is marked by a 
thick seam of tough gouge. On the footwall 
or west side of this gouge, as measured along 
the drift, there is about 25 feet of crushed 
oxidized schist separated by a second seam 
of gouge from the ore. Still other seams of 
gouge traverse the ore in this part of the mine, 
and in general the schists which constitute the 
footwall of the main fault fissure are cut by 
many subsidiary fissures. 

The north haulageway from the shaft shows 
more complex relations. In going west from 
the shaft the drift passes from the Gila con- 
glomerate through a strong fault gouge into 
much shattered dacite, mingled with fragments 
of oxidized schist. After passing through 
about 100 feet of this material another gouge 
is penetrated and the drift goes into shattered 
oxidized and leached schist. Fifty feet farther 
on a third gouge seam separates this schist 
from the ore. Apparently the conglomerate 
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in this vicinity, as in many other parts of the 
region, is underlain by dacite, and a slice of this 
dacite, much disturbed, is here included in the 
fault zone, wherea^most of the rock has been 
carried down to the east by the fault displace- 
ment. The V^lations at this place indicate 
that the Miami fault is, locally at least, a 
fairly wide fault zone in which the total dis- 
placement is effected by successive down steps 
to the east. 

On the 420 level the Miami fault is also 
exposed near the point where the drift from the 
No. 4 shaft enters the ore-bearing ground. 
Here the Gila conglomerate is separated from 
the schist by a seam of tough, leathery gouge 
that in places is 18 inches thick. Tflie local 
dip of the main fault fissure at this place is 35^. 
From 40 to 50 feet west of the main fault sur- 
face is a second strong fissure which in this part 
of the mine limits the ore body on the east. 
The two fissures are approximately parallel, 
and between them is shattered rusty schist. 
That much of the movement along the Miami 
faxdt zone is later than the enrichment that 
produced the ore body is shown by the fact 
that a part of the gouge is triturated oxidized 
''capping." 

Other faults occur in the ground opened by 
the Miami mine and have been locally important 
in determining the shape of the ore body. 
These, faults, however, are very obscure at the 
surface and can more appropriately be described 
in connection with the ore body than with the 
general geology as represented on Plate 
XXXIX. 

On the Inspiration ground an obscure fault 
can be traced rather indistinctly and inter- 
ruptedly on the surface from the vicinity of the 
Joe Bush shaft, where it brings together granite 
porphyry and schist, to the Scorpion shaft, 
on the north side of Inspiration Ridge. The 
general course of this fissure is N. 62*^ W., and 
the dip, as shown by the position of the faidt 
on the third (3580) level and second (3440) 
sublevel, is about 85° SW., although measure- 
ments made directly on the fault sm'faces 
generally give angles considerably lower than 
this. The fault, known as the Joe Bush fault, 
is conspicuous on the levels mentioned, the 
fissure for about 1,500 feet in the eastern part 
of the third level separating barren porphyry 
on the southwest from ore-bearing schist on the 
northeast. Farther west on this level, at about 



mine coordinate line 102.5 east, the fault passes 
into the ore body and could not at the time of 
visit be traced with certainty west of coordi- 
nate line 101 east. 

In the eastern part of the mine, near coor- 
dinate 113 east, the Joe Bush fault is offset by 
an irregular fault of generally northeast strike 
and .southeast dip. The effect of this cross 
fault is to displace the part of the Joe Bush 
fault that lies southeast of it about 100 feet 
to the northeast. The displacement by the 
Gross fault is thus apparently normal. If the 
movement was a pure dip slip, the throw must 
have been in the neighborhood of 200 feet. 

The structural significance of the Joe Bush 
fault is far from dear. A considerable part 
of the movement at least was subsequent to the 
formation of the Inspiration ore body, and as 
the fissure limits that body shaiply for a dis- 
tance of about 1,500 feet, the supposition that 
there is or was some ore somewhere on its 
southwest side appears well fotmded. Drill 
holes on that side of it, however, go into protore, 
and no evidence whatever has been found to 
indicate that any part of the ore has been 
dropped by this fault below the general level of 
the known Inspiration ore body.* The most 
reasonable hypothesis appears to be that the 
dislocation is a reverse fault and that any oro 
which may have lain on its southwest side has 
been relatively uplifted and has been eroded 
away. 

Between the Colorado shaft and the Key- 
stone shaft (see PI. XXXIX) is a zone of strong 
faulting, commonly known as the Bulldog faxilt, 
from the shaft of that name. The general 
course of this zone is nearly north, and the dip 
is low, to the east. The dip and strike, in con- 
nection with the steep slopes of Inspiration 
Ridge, would account for most of the apparent 
curvature of the fault as drawn on Plate 
XXXIX; but the surface relations of the 
fissure are obscure, and it is probable that the 
displacement has been effected along two or 
more intersecting fractures instead of mainly 
along a single fissure as indicated cm the map. 
Where the fault crosses the ridge there is a 
sharp saddle, within which a small mass of 
dacite has been let down into the schist be- 
tween two branches of the fault zone. Hei^ are 
some prominent outcrops of fault breccia. One 
of these shows a smooth regular surface of 
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slipping, which, however, does not appear to 
coincide in strike and dip with the main fissure. 
Undergratind workings show that the groimd 
west — that is, in the footwall — of what has 
been considered to be the main fissure is badly 
,cut up by many subsidiary faults, some of 
which are nearly horizontal. 

The general effect of the Bulldog fault zone 
has been to displace the ore body so that the 
ore of the Inspiration mine, east of the disloca- 



geologic map (PI. XXXIX) and is of the same 
scale. The map and diagram should be used 
together. One of the laiger faults of this part 
of the district is indicated on the diagram as 
the Live Oak fatdt. Its general course is 
nearly north, but its intersection with the sur- 
face is an irregularly curved line, the dona- 
tions being due in* part to the combination of 
a westward dip with strong topographic relief. 
The dip, as determined by drill records, ap- 
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FioTnix 18.'I>lAgram showing surface relBtlans of rocks near the live Cak Na 2 shaft. 



tion is from 450 to 500 feet lower than the ore 
of the Keystone mine, west of it. 

West of the Keystone shaft f aidting is 
structurally important, as is evident from the 
distribution of the rocks shown in Plate 
XXXIX. The struct\ire in the vicinity of the 
Live Oak No. 2 shaft has some very puzzling 
features and can probably be best described 
by reference to the accompanying diagj^m 
(fig. 18), which was constructed from the 



pears to be about 75**, but there are no expo- 
sures of the fault surface* West. of this fault 
the structiu'e, so far as can be seen from the 
surface, is comparatively simple. There is a 
broad mass of the Gila conglomerate which 
rests along its northern edge on dacite and 
along its southern edge for th^ most part oi;i 
schist. East of the fault lies a mosaic of small 
fault blocks, in which appear fragments only 
of the dacite and conglomerate which are so 
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«htUicUjit:.to the. west. In the ricinity of ihe 
Miiuni mine the conglomerate has been down- 
faultedi to the east, but near the TJve Oak the 
relatively; downward movement has been to 
the westi. .It will be of interest to examine 
the Btru^ure near the Live Oak in some 
detaA. .,,i,t , 

BlockiLllfsee fig. 18) is a little mass of the 
dacite inset into the schist by two faulte, which 
are probablylodt of great throw. The larger 
block B is ^similarly inlaid mass in which the 
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seem to have suffered much relative displace^ 
ment. Drilling htA shtiwn that the porphyr}- 
of both blocks rests on schist. In block A 
the contact is irregular but on the whole dips 
southwest. The maximum thickness of the 
porphyry is about 400 feet. In block C the 
dip of the contact is more regularly to the 
southwest and is steeper. Drill hole No. 51, 
near the southwest corner of the block, pene- 
trates about 700 feet of porphyry. Block D 
appears to have dropped relatively to the 
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dacite is overlain by some of the Gila con- 
glomerate. Here again the vertical throw can 
hardly have been great, although the block 
appears to have undergone some rotation, as 
indicated by the steep westward dip of the 
conglomerate. Block H appears to have 
dropped relatively to block C, as shown by 
the abrupt ending of the dacite against the 
granite porphyry, and block G'is apparently 
still further downthrown. Blocks C and A, 
both mainly porphyry at the surface, do not 
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blocks east and west of it, as shown by the 
Gila conglomerate along its western edge. 

The Gila conglomerate in this immediate 
vicinity rests normally on the eroded surface 
of a flow of dacite, but in block D the conglom- 
erate overhes the Final schist, which in turn 
overlies dacite. Surface exposures are not 
locally satisfactory, and their evidence alone 
might be considered as inadequate to estab- 
lish so anomalous a vertical sequence; but 
drill holes 57 and 34 (see PI. XLII and fig. 19) 
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go through 35 and 60 feet respectively of 
schist and then through the same layer of 
dacite that crops out in the ravine east of the 
Live Oak No. 2 shaft. 

Three hypotheses have been considered in 
searching for an explanation of the apparent 
superposition of schist on the much younger 
dacite. These are: (1) The superposed schist 
is actually clastic material, possibly in part 
of landslide origin, and is to be regarded as a 
basal accumulation of schist fragments in the 
Gila conglomerate; (2) the dacite, where it is 
overlain by schist, is not a flow but is an 
intruded sheet ; (3) the schist was thrust over 
the dacite by faulting prior to the local normal 
faidting. Definite elimination of two out of 
the three suggestions has proved unexpectedly 
difficult, and discussion of these hypotheses 
will be deferred until all the pertinent facts 
have been described. 

The surface of the wedge-shaped block E is 
covered generally with the Gila conglomerate 
but is crossed by a narrow and rather obscure 
outcrop of dacite. This little strip of dacite 
is supposed to be the top of a very narrow 
minor fault wedge which is slightly upthrown 
with respect to the rest of block E. The 
south boundary of block E is rather indefinite 
but apparently coincides with a fault or zone 
of faults that brings conglomerate on the 
north against schist on the south. Such a 
fault would be in the line of prolongation of 
the sulphide fault, as known to the east, which 
separates blocks A and J. Drill holes 66 and 
53 penetrate the conglomerate of block E and 
show it to rest on dacite. 

The direction of dip of the Sulphide fault is 
not certainly known. At the mouth of the 
little gulch in which is the Live Oak No. 2 shaft 
the fault fissure dips north at angles ranging 
from 75® to vertical. A Uttle farther east the 
dip IS 55° N. Here about 1 foot of gouge and 
breccia separates the porphyry and schist. 
Still farther east, near the portal of the 
Sulphide tunnel, drill hole 42 (Live Oak) is 
said to have gone through 50 feet of porphyry 
and then into schist. As the hole is close to 
the line of the fault and the schist at the sur- 
face is north of that line, this would indicate a 
dip to the south. If the fault is normal and if 
the porphyry on the south side of Liveoak 
Gulch was once directly continuous with the 
higher porphyry on the north side, then the 



general dip of the fault plane should be to the 
south. «•' . 

Drill holes 64, 41, 69B, 78, S4, and 85 ai;e ail 
in or very close to the fault that is supposed to 
separate blocks E and F, and interpretation of 
their records is therefore full of .un.certainty. 
Holes 85 and 84 are of especial structural in* 
tereet. Hole 85, apparently just south of the 
east-west fault zone, went through 270 feet of 
schist into dacite and conti^^ed in dacite for 
207 feet, to the bottom of the hole. HoJie 84, 
200 feet east of hole 85, went through 165 feejb 
of schist and then through 315 £eet of dacite 
into granite porphyry. Drill hole 78, supposed 
to be a few feet north of the fault, wei:^ through 
35 feet of conglomerate and then presumably 
through the fault plane into dacite, continued 
in that rock for 365 feet, and then passed into 
schist. . 

Block G, separated from blocks C, E, and F 
by the strong Live Oak fault, is a compara- 
tively large structural imit which consists super- 
ficially of the Gila conglomerate. A little 
dacite exposed in the gulch west of the Live 
Oak No. 2 shaft and just northwest of drill 
hole 85 is believed to be the top of the flow 
upon which the conglomerate locally rests. 

Southwestern Miami drill hole 5 (Live Oak 
88), situated at the point where the Live Oak, 
Montezuma, and Barney claim groups come 
together, about 500 feet west of the Live Oak 
fault at the surface, went through 430 feet of 
conglomerate, 105 feet of dacite, 285 feet of 
schist, 125 feet of dacite, and 65 feet of schist 
to the bottom. In this hole, therefore, the top 
of the lower dacite is at a depth of 820 feet, or 
at an elevation of about 3,230 feet above the 
sea. Chalcocite is reported from the bottom 
of the lower dacite to the bottom of the hole. 

Southwestern Miami drill hole 7, a1)out 400 
feet nearly south of hole 5, also goes through a 
lower body of dacite. For the first 60 feet the 
hole is reported to go through schist, but this 
is highly improbable. The hole is well Within 
the conglomerate area, and the sd-called schist 
is probably a f acies of the conglomerate con- 
sisting chiefly of schist f ragnients. From 60 
to 310 feet the rock is undoubtedly the Gila 
conglomerate. Below this com^ 720 feet of 
schist, the upper dacite bein^ apparently 
absent, then 60 feet of dacite, and fin)BiIIy 176 
feet of schist to the bottoni. These relations 
are graphically represented in flgurcl 20, Which 
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IS a nearly north^south section through the 
Barney No. 2 and Southwestern Miami Nos. 5, 
7, and 4 holes, all of which are nearly in line. 
Hole 4, started at an elevation of about 3,925 
feet, shows 520 feet of conglomerate, whereas 
holes 7 and 6, both started at an elevation of 
about 4,000 feet, show considerably less; hole 
7, if the first 60 feet of "schist" is included, 
went through 370 feet of conglomerate, and 
hole 6 went through 365 feet. 

Hole 4 is roughly 350 feet west of a line 
between holes 7 and 6, a position which^ taken 
in connection with the different thicknesses 
of the conglomerate, indicates a westward or 
southwestwiif d ' dip of the base of the con- 



I Barney 
Na2 drill hole 



) The known facts pertaining to the faulting 
near the Live Oak mine having thus been briefly 
presented, a return may now be made to the 
three hypotheses considered as offering possible 
explanations of the occurrence of dacite 
beneath the much older schist. The sug- 
gestion that the schistose material above the 
dacite is really clastic and a pari of the GUa 
conglomerate is not an altogether improbable 
explanation of the relations shown in block 
D, where the overlying material is at least 
thoroughly shattered and is less than 400 feet 
thick. Conditions under which landslide mate- 
rial might mingle here and there with tlie 
abundant coarse fluviatile detritus during the 
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glomerate, in the eastern part of block G, of 
about 33°. A linp connecting the little ex- 
posure of dacite in the ravine near Live Oak 
hole 85 with the top of the upp^r dacite in 
$outhwestern Miami hole 5 gives an apparent 
westward dip of 30° to the base of the con- 
glomerate. The agreement between the two 
angles thus obtained is fairly close and is 
about the same also as the apparent dip of the 
formations and ore body in block C, as dis- 
played in the east-west sections of figure 19 
(p. 1 16^. Whetter the maximum or real dip 
y^ block G isj^ as in block 6, south of west re- 
n^^ains to be determined by f mother drilling. ' 



early stages of the vigorous local deposition 
recorded by the Gila conglomerate can readilT 
be imagined. If the shattered schist W4s 
deposited on the dacite as a part of the Gila 
conglomerate then the material in its present 
condition occupies its normal stratigraphic 
position and accords with the chronologic 
sequence of rock formation. Had no drilling 
been done outside of block D the foi^egoing 
interpretation might readily have been ac- 
cepted as the most probable one. Whell thb 
records of drill holes in blocks C' E/ and G are 
considered, however, the depth at which 
dacife is found, the great thickness of the 
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overlying schist, and, above all, the occurrence 
as in hole & of the Southwestern Miami group 
of dacite both in its normal position just undi^ 
the Gila conglomerate and also at greater 
depth under what is undoubtedly schist in 
place, all render this first suggestion improba- 
ble as a complete explanation of all the puz- 
zling relations in this locality. 

The suggestion that the dacite is in part 
intrusive is attractive because it offers a ready 
explanation of structural irregularities and 
avoids the necessity of attempting to inter- 
pret complex faulting from inadequate data. 
Against it, however, may be arrayed the fol- 
lowing considerations: (1) The dacite, although 
it has been studied carefully over two quad- 
rangles and has been examined at numerous 
points in the outlying region, has nowhere been 
found intrusive, although of course it must 
somewhere have had direct connection with 
intrusive magma. (2) The dacite exposed at 
the surface in block D has the same petro- 
graphic character as rock known to be extru- 
sive. It might be said that the dacite visible 
in block D is extrusive and that the supposed 
schist in the same block is part of the Gila 
formation, whereas the deeper dacite in block 
G is, on the other hand, intrusive. This does 
not appear highly probable but nevertheless 
is a possibility to be reckoned with, and as the 
deeper dacite has been seen only in the form of 
drill sludge its petrographic character can not 
be considered as accurately known. Micro- 
scopic examination of the powder indicates, 
however, that this dacite contains glass, which/ 
is suggestive of extrusive rather than intrusive 
eruption. 

In support of the third suggestion, that the 
schist and overlying rocks have in places been 
thrust over the dacite, may be. adduced the 
fact that a number of dislocations of this 
general kind are known in the district. In 
the Keystone mine nearly horizontal, undu- 
lating seams of gouge and zones of brecciation 
are prevalent. Some of these are apparei^itly 
the resiilt of considerable . cUsplacenient, but 
thiSyO^iog to the character, of the ]K>ek, is^not 
measurable. Similar loW'-angle billowy sur- 
faces of displacement ar^ exposed in the Taylor 
and Mercer tunnels, in the hanging wall of the 
Bulldog fault zo^e. At the Old Dominion 
mine, near Globe, shattered pre-Cambrian 
quartz diorite (Madera diorite) overlies dacite, 



much as the schist does at the Live Oak mine. 
According to an earlier report,* 

The principal exposures of this material extend from 
Copper Gulch, half a mile east of town, to the old Buffalo 
smelter on Pinal Creek, a mile northwest of Copper Gulch. 
The surface exposures are generally of such a character 
that an observer might readily conclude solid Madera 
diorite to be in place beneath them. Some of the ravine 
sections, however, as well as mine workings, show that 
the diorite occupies a position at the base of the Gila 
conglomerate and rests on dacite. In some plac^ it 
actually grades into the characteristic fluviatile conglom- 
erate, and the deposit was described in Profeseional 
Paper No. 12 as a local basal phase of that formation.- 
The homogeneity of the material, however, and the lack 
of evidence indicating water transport of much of it were 
recognized as facts imperfectly accounted .for in the 
explanation offered. During ^e past dghi years the 
granitic deposit has been much exposed in road and rail- 
way cuttings and in underground workings. It appears 
in some of these new openings as a thoroughly shattered 
mass, in which the laigest single fragments observed are 
from 5 to 6 feet in diameter. Wherever penetrated 
undeiground the material shows the same thorough shat- 
tering. Crosscuts through it, such as the lower drain 
txmnel of the Old Dominion mine, have to be closely 
lagged. In one place, in Copper Gulch, the Gila con- 
glomerate may be seen lapping up over a slope of this 
shattered Madera diorite, the contact between the two 
being definite. In other places the broken quartz diorite 
, has supplied so many angular or slightiy rounded tn^ 
ments to the overlying Gila conglomerate that there is 
a gradation between the two formations, and to this fact, 
together with the position of the quartz diorite above 
the dacite, was due the former assignment of it to the Gila 
formation. The better opportunities for study now avail- 
able have suggested another hypothesis, namely, that 
the shattered Madera diorite is a thin wedge that has 
been thrust over the dacite from the southwest by fault- 
ing. Investigation has fully confirmed this view. Wher- 
ever a shaft has gone through the quartz diorite it is found 
to be separated from the dacite by a zone of trituration 
and slickensiding that is plainly due to fault movement.' 
One of the best exposures of this fault plane is to be seen 
in a small prospect tunnel about 2,000 feet northeast of 
the Old Dominion smelter. This tunnel runs N. 15° £• 
for about 150 feet through the shattered Madera diorite 
and then passes for 20 feet through a fault breccia in which 
rounded polished fragments of the quartz diorite are 
embedded in a sheared gouge composed of triturated 
quartz diorite and dacite. This is separated from the 
solid underlying dacite by a smooth slip plane dipping 
37^ SW. The course of events was as follows: After the 
Paleozoic sediments and diabase had been much faulted 
and eroded, they were covered by the flow of dacite. 
This in ttim was probably eroded and then a thrust was 
developed southwest of Globe, probably in the area now 
deeply buried under Gila conglomerate, and a mass -of 
the pre-Cfiupbrian Madera diorite was shoved over the 
dacite to the north-northeast. The shattered mass thus 

> Raaaome, F. L., G«ology at Globe: Mln. and Sci. Press, vol. 100, p. ' 
367, 1910. ; 

t Tbe C shaft of the Cld Dominion mine penetrated about 250 feet of 
loose shattered quarts diorite before reaching the dacite. 
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bodily thrust over the dadte was readily attacked by 
erosion and supplied much detritus to the Gila conglom- 
erate. Finally the Gila conglomerate, the remnant of 
the underlying wedge of shattered diorite, and of courae 
all of the underlying rocks were affected by the normal 
faulting already discussed in connection with the descrip- 
tion of the Old Dominion mine in Professional Pai>er 
No. 12. 

In genaraly low-angle thrust faults are very 
obscure structural features, and probably many 
of them escape recognition. They may not 
crop out at all in the region studied unless 
strong topographic relief has been developed 
since the faulting took place. Undergroimd 
they are likely to be cut in shafts and raises, 
where ordinarily they are soon hidden behind 
tunbers and lagging. They may be penetrated 
by drill holes, but one hole gives no clue to the 
attitude of the fault surface, and if , as is likely 
to be the case, the driller does not note and 
record the existence of gouge or breccia the 
geologist has no means of supplying the missing 
data. 

So far as it goes the evidence now available 
appears to favor the view that the schist. now 
on top of the dacite was thrust mto that posi- 
tion by faulting and that all the dacite known 
in the district is an extrusive rock. The thrust 
faulting must have taken place before the nor- 
mal faulting and, in the area explored by drill- 
ing, appears to have displaced only the rocks 
above the ore body. The thrust plane appar- 
ently dips west on the whole, at about 30°, but 
in consequence of the later normal faulting and 
because of the imperfect character of drill rec- 
ords it must for the present remain a very ob- 
scure and little understood element of the 
geologic structure. 

The faults described in the immediately pre- 
ceding pages are those connected with the ore 
bodies of Inspiration Ridge. North of that 
ridge, in the northeast comer of the district, 
there has been some irregular block faulting of 
the kind characteristic of this region. The 
most interesting faults of this part of the dis- 
trict are those which constitute the nearly east- 
west zone of displacement which traverses the 
Geneva, Dadeville, Montgomery, Winnie, and 
Black Copper claims and with which are asso- 
ciated the silicate ore of the Warrior mine. 

As shown on Plate XXXIX, there are appar- 
ently two nearly east-west fissures with a nar- 
row down-dropped block between them. These 



fissures are not clearly exposed at the surface, 
and scarcely any indication of their presence 
hits been found where dacite forms both walls. 
The down-dropped strip is from 100 to 160 feet 
wide. The throw could not be accurately de- 
termined but apparently varies from place to 
place. The material. between the two fissures 
as seen underground inthe Warrior mine con- 
sists of dacite tuff interbedded with conglom- 
erate, with a layer of coarse fragments at the 
base, resting on schist. 

Another fault of considerable interest drops 
dacite against schist northeast of the settlement 
of Inspiration (PI. XXXIX). This, which has 
beeii called the Pinto fault from its supposed 
effect in dropping the Pinto ore body lower 
than the main Inspiration ore body, is perhaps 
identical with the fault in Plate XXXIX as 
bringing schist against porphyry between the 
No. 2 and Captain shafts of the Miami Copper 
Co. The fault in the Miami grotmd has about 
the same strike and is nearly in line with the 
Pinto fault. It also drops the bottom of the 
zone of oxidation down to the northeast and 
like the Pinto fault has a rather low dip in that 
direction. The suggestion of identity is not 
supported by the geologic mapping of Plate 
XXXIX, but it is possible that further study 
of the surface north of the old Joe Bush shaft 
migiht lead to some modification ol«4he map- 
ping done in 1911 and bring to light" t^idence 
of the extension of the Pinto fault into the 
Miami ground. 

The faults described are only a few of many 
that occur in the district. Some of these are 
shown on Plate XXXIX. Many others are 
indicated by thick seams of gouge visible in 
underground workings but not recognizable on 
the surface. So far as known these faults do 
not affect the areal distribution of the rocks. 

EROSION. 

In the Miami district, as in the Globe-Bay 
r^on as a whole, there is a record of long and 
vigorous erosion prior to that which carved the 
present topography. The surface over which 
the dacite flowed as a lava had been well worn 
down, and its hollows had been filled with de- 
trital material, represented, just outside of the 
area shown in Plate XXXIX, by the Whitetail 
formation. It is probable^ as will be shown 
later, that most of the enrichment to which the 
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ore bodies are due was effected during this 
period of denudation. There is no means at 
present of definitely fixing the geologic date of 
this erosion, but it is believed to be Tertiary. 

After the dacitic eruptions by which the 
country far and wide was buried under lava and 
tuff, the rocks were faulted and tilted, the en- 
tire aspect of the land was changed, and the 



streams began the active cutting and transpor- 
tation that are recorded Lot the Gila conglom- 
erate, supposedly of early Quatemaiy age. 
There was some faulting and deformation of 
this conglomerate, followed by the stream 
cutting of the present erosion cycle and the 
stripping away of the conglomerate from a 
large part of the Miami district. 



CJhapter VI. — Geology of the Ray District. 



TOPOGRAPHY. 

For the first 10 miles of its generally south- 
ward course, Mineral Creek traverses a suc- 
cession of gorges cut in a thick, faulted flow of 
dacite. About 8 miles north of its mouth, 
however, the creek emerges from its narrow 
confines into a more open valley (PL XLIII), 
which continues southward (PL XXVTI, B) 
to Gila River. The Ray district, as the name 
is used in this report, is situated at the head of 
this valley, which, while broadly open, contains 
very little level ground. The district itself is 
perhaps best characterized as a confusedly hiUy 
area in which the various eminences are dis- 
tributed without any recognizable plan or 
structure. It is overlooked from the east by 
the steep and, in some places, precipitous 
slopes of the Dripping Spring Range, which 
cuhninates locally in Scott Mountain, 5,115 
feet in elevation, or about 3,000 feet above 
Ray. On the west is a more gradual ascent 
to the crest of the Tortilla Range. The lower 
grade of this slope is due partly to the fact 
that Copper Creek is tributary to Mineral 
Creek on the west side and heads between 
Oranite and Teapot mountains in a pass that 
is only 800 feet higher th^ Ray. North of 
the pass, however, the crest rises boldly to the 
summit of Teapot Mountain (PL XLIII, B), 
4,500 feet in elevation. This summit, with 
the characteristic outline which gave the 
moimtain its name, is a prominent feature 
from nearly all parts of the district. Teapot 
Mountain is capped with dacite and is the 
southern point of a deeply dissected lava 
plateau which partly incloses the district on 
the north and stretches in rugged desolation 
for many miles in that direction (PL XXI, A), 

On the south a group of ciu*ious pinnacles 
(PL XXrV) carved from indurated Gila con- 
glomerate, of which the largest. Big Dome, 
rises precipitously to a height of about 450 
feet above Mineral Creek, suggest a topo- 
graphic separation of the Ray district from 
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the valley immediately north of Kelvin. This 
separation, however, is not so real as it appears 
to the traveler who approaches the district in 
the usual way, up the channel of Mineral 
Creek. A broader outlook over the coimtry, 
such as may be had from the adjacent moun- 
tains, reduces these pinnacles, which are suffi- 
ciently imposing near at hand, to their true 
proportions in the general landscape and shows 
that there is no constriction of the valley 
proper. 

It thus appears that, as a whole, the district 
has the aspect of a small hilly basin, traversed 
from north to south by Mineral Creek, and 
very imperfectly closed on the south. As 
seen from a moderate elevation the central 
part of this basin bristles with a huddled as- 
semblage of little, rusty, sharp-topped hills, of 
which Humboldt HiU (PL XLIV, ^) is a type. 
Most of these hills stand from 300 to 500 feet 
above the deepest adjacent ravines, or proba- 
bly from 100 to 300 feet above what may be 
considered the general level of the district. 

The area characterized particularly by this 
topography is of elongated earlike outline; its 
longer axis trends a little north of west, and 
the concave side of the area lies to the south. 
Its length, from the east end of Ray Hill to the 
saddle west of Last Turn Hill, is about 2 miles, 
and its greatest width is about three-quarters 
of a mile. Most of the area, which corre- 
sponds in general to that showing more or less 
metallization, lies between the lower part of 
Amanda Gulch and the upper part of Copper 
Canyon, on the south, and Sharkey Gxilch, 
on the north. 

North of Sharkey Gulch and to a less ext^it 
south of Copper Canyon broad, low, gently 
sloping spurs (see 'PL XLV), which have evi- 
dently been formed by the dissection of super- 
ficial layers of stony or gravelly detritus, give 
to the basin floor a general smoothness which 
is in marked contrast with the craggy topog- 
raphy of the central area. 
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GEOLOGY. 
rOBlCATIONS BIFRXSKXITED. 

In the area mapped on Plate XLV pre- 
Cambrian rocks, mainly Pinal schist with a 
little grajoitQ and quartz-mica diorite, occupy 
most of the surface or are concealed under 
merely superficial deposits of much later age. 

Of the Paleozoic section only the lower part 
is represented in the (Ji^^nct, mainly along its 
eastern border, where the Scanlajfi conglom- 
erate, Pioneer shale, and Dripping Spring 
quartzite are exposed in numerous small fault 
blocks. The Mescal limestone, although prom- 
inent in the moimtain front east of Ray, does 
not occur in. the Ray district as a mappable 
formation. It probably underlies the Troy 
quartzite, which is' exposed at the surface of 
one block in the northeast comer of the district, 
and a few small masses of the limestone are 
associated with the Dripping Spring quartzite 
and diabase at the east base of Teapot Moun- 
tain. The i>evonian (Martin) and Carbonif- 
erous (Tornado) limestones do not appear in 
this area, although they are prominent in the 
vicinity of Scott Moimtain. 

Intrusive rocks of post-Paleozoic but prob- 
ably pre-Tertiary age are represented by dia^ 
base, quartz diorite, and two varieties of 
quartz monzonite porphyry, distinguished as 
the Teapot Mountain and Granite Moimtain 
porphyries, and by dikes, chiefly of quartz-, 
mica diorite porphyry. The variable White- 
tail conglomerate and the overlying flow of 
dacite that generally accompanies it both occur 
in the area mapped on Plate XLV. The 
eruption of the dacite was followed by the 
deposition of the Gila conglomerate, probably 
in early Pleistocene time, and later Pleistocene 
time is presumably represented by the uncon- 
solidated terrace deposits, which appear to be 
better developed in the Ray district than else- 
where in the general region. 

KSTBIBinnOK AND LOCAL CHARACTBBISTIOS 

OF THS FOSMATIONS. 

The Uthologic character of each formation 
represented in the Ray district has been 
described in Chapter III, and the facts of local 
distribution are graphically shown in Plate 
XLV. Very little additional explanatory com- 
ment is necessary, therefore, to prepare the 
way for some consideration of the geologic 
structure. 



PINAL SCHIST. 

t 

As Plate XLV shows, the prevailing surface 
rock is the Pinal schist, and this areal impor- 
tance is considerably increased if the compara- 
tively thin deposits of Quaternary detritus, 
which cover much of the surface west of Min- 
eral Creek, are disregarded. The schist, more- 
over, as shown by its exposure in a number of 
fault blocks,' is the prevalent fundamental 
rock of the northern part of the Dripping 
Spring Range and as such is undoubtedly 
present under most .of the rocks exposed along 
the eastern border of the Ray district. 

In the northern and eastern parts of the 
district the schist, as shown in Chapter III, 
consists chiefly or wholly of metamorphosed 
sedimentary rocks. South of Copper Canyon 
is an iri:egular branching belt of schist which 
appears to be a metamorphosed rhyolite. At 
Barcelona this belt disappears under terrace de- 
posits and perhaps abuts against a body of 
quartz monzonite porphyry. At all events, ef- 
forts to trace this exceptional variety of schist 
eastward across the metallized area toward Ray 
shfiCftNo. 1 have been unavailing. Around the 
borders pf the large quartz monzonite porphyry 
mass of Granite Mountain the schist, as already 
described on page 36, has undergone a second 
metamorphism in connection with the intru- 
sion of the porphvry. 

Mapped with the schist is a little triangmar 
area lying just west of Mineral Creek, between 
Americantown and Ray. This mass is bounded 
on the west and south by faults. The rock is 
tremendously shattered and is generally rusty, 
although it is nearly white on fresh fracture. 
It shows no recognizable schistosity and in 
general appearance is suggestive of shattered 
weathered quartzite. It lacks the hardness of 
typical quartzite, however, and in places is de- 
cidedly soft. The microscope shows the harder 
portions of the mass to consist of grains of 
quartz about 0.5 millimeter in maximum diam- 
eter, rather widely separated in a matrix of ^ri- ' 
cite and quartz. Softer varieties of the rock con- 
tain more sericite and less quartz. The quartz 
grains, although more or less rounded in outline, 
show no evidence of having been smoothed by 
water. Their surfaces are rough, and they are 
penetrated to some extent by foils of sericite. 

In the No. 2 mine, on the 1775 level; the 
rock near the main shaft is a much sheared 
and jointed schist, in which granular quartzose 
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layers alternate with very, fine grained, fissile 
sericitic layers. Under th^ microscope the 
granular layers show the same texture and 
constitution as the rock just described. Here 
there can be no doubt of its being part of the 
schist series, and it is apparently a metamor- 
phosed sandstone originally interbedded with 
thin layers of shale. 

FBE--GAMBRIAN INTRUSIVE ROCKS. 

Intrusive rocks of pre-Oambrian age in the 
Pinal schist are not areally important. On the 
edge of the area mapped (PI. XLV), south of 
Sonora, appears the extreme north end of a 
large mass of coarse pre-Cambrian granite 
which extends southward beyond Gila River. 
(See PI. II.) In the northern part of the dis- 
trict between Teapot Mountain and Rustler 
Gulch are a few small irregular masses of 
mediimi-grained, sheared, sheeted, and altered 
intrusive rock which is probably quartz-mica 
diorite. The largest body occurs in what are 
knowxi as the Red Hills, where owing to the 
prevalent pyritization, followed by oxidation, 
the rock is not very easily distinguished from 
the schist. 

PALEOZOIC SEDIMENTARY ROCKS. 

The Scanlan conglomerate, Pioneer shale, 
Barnes conglomerate, and Dripping Spring 
quartzite, as already mentioned, are exposed 
in a number of small fault blocks along the 
eastern border of the district, in a manner 
thoroughly illustrative of the occurrence of 
these rocks generally in the much shattered 
Dripping Spring Range. There are three small 
masses of the quartzite in the northwest comer 
of the area, at the east base of Teapot Moimtain. 
These are intruded by diabase and are separated 
from the Pinal schist on the east by a fault (PL 
XLV). A little Mescal limestone occurs on the 
top of the largest body of quartzite and as in- 
clusions in the diabase. Southeast of Ameri- 
cantown is a small mass of rusty siliceous 
material, which, as stated on page 123, may 
possibly be quartzite. 

DIABASE, BIOTITE SCHIST, AND RELATED ROCKS. 

The character of the prevalent diabase of the 
region has been fully described on pages 53-56. 
It may be recalled that the rock is composed 
principally of calcic plagioclase, augite, and 
olivine, in rather coarse and typically ophitic 
aggregation. Diabase of this kind is abund- 
ant in the part of the Dripping Spring Range 



northeast of Ray and north of Scott Moun- 
tain, but does not occur in close association 
with the ore bodies of the Ray district. The 
diabase in and near the ore-bearing krea has 
all been subjected to alteration whereby the 
augite, the olivine, and in many places the 
feldspar have been changed to aggregates of 
secondary minerals. 

Southeast of Ray is a body of diabase that is 
faulted on the southwest against Pinal schist 
and passes to the east and north imder dacite. 
This rock is massive and in general appearance 
closely resembles rather fine grained facies of 
the normal diabase. Closer inspection, how- 
ever, especially of imweathered material such 
as may be obtained from the dump of * the 
abandoned Blue Bell shaft, on the ground of 
the Ray Hercules C>>pper Co., shows that the 
rock sparkles with minute scales of biotite, 
which suggests some recrystallization. Mi- 
croscopical study confirms this suggestion. 
Although the original texture of the diabase is 
still recognizable in thin section, the rock 
retains no vestige of olivine or augite. These 
minerals have been changed to aggregates of 
green amphibole and greenish-brown biotite. 
The plagioclase crystals are in part cloudy with 
secondary crystal particles too small for identi- 
fication and in part replaced by aggregates 
of quartz, biotite, and green hornblende. In 
many places the hornblende and biotite pro- 
ject into and have partly replaced fairly clear 
and fresh feldspar. 

The biotite particularly has developed at 
the expense of the feldspars. In some speci- 
mens its formation has begun along cracks 
and has spread out irregularly into the walls 
of the fracture. The mineral also occurs as 
minute foils dissetninated ' all through the 
altered rock. Magnetite has in part been 
altered to pyrite. Some of the rather abundant 
apatite of the original rock remains xmchanged; 
much apatite in slender crystals appears to 
be secondary. Epidote, chlorite, and calcite 
are absent. The metamorphosed diabase 
from the Blue Bell shaft and elsewhere shows 
chalcopyrite in veinlets and minutely dissem- 
inated in the vicinity of joint cracks. Generally, 
wherever the altered diabase is fissured the 
presence of copper is superficially evident in 
the form of chrysocoUa or carbonates. Most 
of the ore reported in the drill records of the 
Arizona Hercules Copper Co. as occuiiing in 
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diabase is probably in rock such as has been 
described, enriched in part by the deposition 
at chalcocite. Altered diabase of the same 
general character has been found by under- 
ground exploration to lie just west of and 
under the ore body of the No. 1* and No. 3 
mines. This is apparently an intrusive sheet 
which dips gently northeast, under the ore. 
It is not known at the surface. 

Similar local alteration of the diabase, 
outwardly evident from the sparkling appear- 
ance imparted. to the rock by the abui\dant 
secondary development of biotite, has taken 
place elsewhere in the region near the contacts 
with granitoid intrusive masses, especially at 
Troy and at the London-Arizona mine. Tliere 
can be little question that the metamorphism 
at Ray is likewise an effect of the intrusion of 
one or both variants of the granite porphyry 
magma. 

The diabase dike on Ray Hill, in which was 
found the first ore worked at the Ray mine, 
before the possibilities of the schists were 
realized, is too decomposed near the surface 
for satisfactory petrographic study, and as 
it has not been recognized in the modem mine 
workings, no fresh material is obtainable. 
The rock is of finer grain than the prevalent 
diabase of the region, and the felted arrange- 
ment of the numerous small feldspar crystals 
as visible on weathered surfaces suggests a 
textuial approach to basalt. Thin sections 
indicate that before decomposition by super- 
ilcied agencies the rock had imdergone the 
same kind of metamorphism as that just 
described for the diabase southeast of Ray. 

At many places in the No. 1 mine of the Ray 
Consolidated Copper Co. there occur in the 
generally rather uniform gray siliceous schist 
small bodies of darker and much softer rock, 
commonly spoken of as diabase. Some of the 
smaller of these cut irregularly across the planes 
of schistosity and are undoubtedly little 
irregular dikes. They are not themselves 
schistose, or only slightly and locally so, and 
close inspection of them reveals the outlines 
of small lath-shaped feldspars. 

Other bodies, some of which are of consider- 
able size, conform to the general structure of 
the schist, are of more or less lenticular form, 
and are thoroughly schistose. These masses 
are traversed by innumerable slippery joints, 
and as a rule the rock is too soft to afford good 



specimens for study. Owing to their softness 
and the readiness with which they are decom- 
posed, these masses of dark schist are elements 
of structural weakness, and accordingly have 
been subjected to much of the movement 
whereby stresses in the rock mass as a whole 
have been relieved. 

On fresh fracture the rock is dark gray and 
veiy fine grained and sparkles brilliantly 
from minute crowded faces of biotite. This 
material in places grades, through gray schists 
containing both biotite and sericite, into the 
normal siliceous, sericitio schist and appears 
to have undergone the same process of meta- 
morphism as that rock. In other words, it is 
apparently an integral part of the Pinal 
schist. 

This raises some difficulties of interpretation. 
For, although the dark biotite schist in the No. 
1 mine does not look much like diabase, it seems 
to be connected by transitional varieties with 
the altered basaltic dikes in the same mine, 
with the diabase of the Ray Central mine, and 
with the normal diabase of the region. Mi- 
croscopical study has supplied no criteria for 
separating these rocks. If all were originally 
the same, then, as the prevailing diabase of the 
region is post-Carboniferous, the dark schist of 
the No. 1 mine must be much younger than the 
associated sericitic schist — ^it must, in fact, have 
been intruded into the Pinal schist long after 
that rock had received its present schistose 
structure and must then itself have been ren- 
dered equally schistose by a distinct process 
of metamorphism. This is scarcely credible^ 
An alternative and more probable view is that 
the biotite schist represents diabasic or ba- 
saltic material of pre-Cambrian age that was 
metamorphosed when the Pinal schist as a 
whole received its present general lithologic 
character; and, finally, the apparent petro- 
graphic gradation of the biotite schist into the 
diabase is explained as the result of similar proc- 
esses of alteration affecting materials of differ- 
ent age but of essentially identical composi- 
tion. 

The fact that the soft biotite schist in places 
grades into or is interleaved with harder varie- 
ties containing much quartz and sericite sug- 
gests that the igneous material from which the 
biotitic schists were derived may have been in 
part tuffaceous, and thus have graded originally 
into siliceous sediments. 
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QUARTZ DIORITE. 

Quartz diorite occurs only in one body 
south of Sonora, where it is intrusive into the 
Pinal schist and is cut by quartz monzonite 
porphyry. Its petrographic character has been 
described on pages 67-69. 

QUARTZ MONZONirE PORPHTRT* 

Of the two varieties of quartz monzonite por- 
phyry, the Granite Mountain porphyry occurs 
almost wholly in the southern half of the dis- 
trict, and the Teapot Mountain porphyry is 
characteristic of the northern half. 

The principal body of the Granite Mountain 
porphyry is the irregular intrusive mass which 
makes up much of Granite Mountain (PI. 
XLV). East of it a smaller mass is exposed 
west and south of Sonora, and a still smaller 
body lies along the south side of Ray Hill. 
^Other masses are clearly associated with the 
metallized schist area, and much of the ore of 
the Ray No.' 1 mine occurs in the body of por- 
phyry between Ray Hill and the town of Ray, 
wUch is mapped on Plate XLV. The small 
porphyry dikes abundant near Humboldt Hill 
and occurring here and there in other parts of 
the metallized schist area, although for the most 
part much altered, appear to belong to the 
Granite Moimtain porphyry. 

The largest exposure of the Teapot Moun- 
tain porphyry is on the ridge south of Teapot 
Mountain and west of the metallized schist 
area. Other irregular masses and some dikes 
of the same rock cut the Pinal schist north of 
Sharkey Gulch. A mass exposed near the 
mouth of Rustler Gulch is possibly part of the 
same body as that farther east, northwest of 
the Calumet shaft. (See PI. XLV.) 

WHITETAIL CONOLOMBRATE. 

The Whitetail formation is much thicker in 
Teapot Moimtain than anywhere else in the 
whole region, so far as known. This thickness 
has not been accurately measured but certainly 
exceeds 500 feet and is probably between 800 
and 1,000 feet. East of Mineral Creek, on the 
other hand, the formation is thin, probably no- 
where in the district 50 feet thick, and in places 
is entirely absent. (See PI. XLV.) 

The general character of the Whitetail for- 
mation has been described on pages 67-68. On 
Teapot Moimtain (PI. XLTV, A) and on some 



peaks just north of it the ma^ierial shows a very 
rough and obscure bedding with a. low east- 
ward dip. The constituent fragments aie, ^fis 
elsewhere, chiefly diabase and limestone. A 
few fragments of quartz monzonite^porphyry of 
the Teapot Mountain variety were noted on the 
slopes and apparently came from the White- 
tail formation. The fragments range id size 
from small particles to blocks 3 feet in diameter, 
and are generally angular. As a rule the dia- 
base fragments are covered with a thin rusty 
film, and the Whole formation has a decided 
reddish tint as exposed in the scarps of Teapot 
Mountain. 

• DACITE. 

Within the Ray d^trict the dacite occupies 
a considerable area, about three-quarters of 
a mile in greatest width, along the east side 
of Mineral Creek, and occurs as a small rem- 
nant on the west side of the creek, southeast 
of Americantown. The dacite east of Mineral 
Creek, from the town of Ray northward, is 
partly covered by the Gila conglomerate. 

GILA GONGLOMEBATE. 

At its base, as elsewhere in the region where 
the Gila rests on the dacite, the formation 
contains much dacitic tuffaceous material. 
In the area north of Ray some of the material 
is thin bedded, with depositional lamination, 
and is composed almost entirely of small 
glassy and pumioeous particles of dacite. 
Other beds are as much as 6 feet thick and 
contain scattered blocks of rocks other than 
dacite. As these beds rest on the dacite they 
probably do not represent material that accu- 
mulated in its present position as the result 
of ash showers. More probably they are the 
result of erosion and transportation imme- 
diately after the eruption of the dacite. 
Loose, pumiceous material, including perhaps 
volcanic ash, was washed from the suiface 
of the recently consolidated lava into a local 
basin and there stratified, in part at least in 
quiet water. 

The pumiceous beds are distinguished from 
the nomuJ overlying conglomerate on. tiie 
accompanying geologic map of the Ray >dis- 
trict (PI. XLV). Their total thickness just 
south of Rxistler Gulch is estimated at 200 
feet. 
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STRUCTURE. 

Structurally the Ray district (PL XLV) is 
divisible into two parts, separated by a line 
of division nearly coincident with Mineral 
Creek. The general difference in structure 
as reflected in the distribution and relations 
of the rock formations on the two sides of the 
creek is evident from a glance at the geologic 
map. On the east side is the structure char- 
acteristic of the Dripping Spring Range as a 
whole — a fault mosaic. The Paleozoic and 
older rocks have been intruded by diabase 
and cut by faults into polygonal blocks, for 
the most part less than one-fourth of a square 
mile in area. The displacement of these 
faults is in general normal. On the west 
side of the creek is a large area of Pinal schist, 
invaded irregularly by various intrusive rocks 
and covered extensively by terrace deposits. 
This schist is not wholly imaffected by fault- 
ing and is doubtless traversed by some faults 
that, owing to the fact that the same schist 
occurs on both sides of the fracture, have 
escaped recognition. On the whole, however, 
undergroimd work and the mapping of the 
intrusive masses and of the belt of rhyohte 
schist south of Copper Canyon have brought 
out little evidence of displacement, and it 
may safely be concluded that the country 
west of the creek has been less dissected by 
faults than the country east of it. 

The faults east of Mineral Creek are not all of 
the same age. Much displacement of the 
sedimentary formations undoubtedly occurred 
when the diabase was intruded, but little or 
none of that displacement is now recognizable 
as f aidting, for most of the fractures formed 
at that time were invaded by diabase magma, 
and the blocks of strata were forced apart 
by the molten material. Most of the faidting 
appears to have followed the eruption of the 
dacite, and some of it was later than the depo- 
sition of the Gila conglomerate. 

Most of the geologists who have studied 
the Ray district in the interests of the copper- 
mining companies and some who have merely 
visited it appear to have accepted the con- 
clusion that the rocks east of Mineral Creek 
have been faulted down relatively to the 
rocks west of the creek. Spurr and Cox in 
their unpublished report to the Ray Consoli- 
dated Copper Co. state that the country on 
the east side of the faidt fissure has dropped 



perhaps from 1,000 to 2,000 feet, and the 
''Mineral Creek fault" or ''Ray fault" has 
been generally accepted as an important 
structural element of the district. Tolman^ 
writes: 

The Mineral Cteek fault separates the dacite and the 
PaleoEoic rocks from the schist. It is by far the most 
important structuial break of the r^ion, is of great dis- 
placement, and can not escape the notice of even the 
casual visitor. 

In a recent paper Spurr ' makes the follow- 
ing reference to this fault: 

At Ray, Ariz., perhaps at about the same geologic period 
as the phenomena at Dolores and Velardefla — ^that is to 
say, near the close of the Cretaceous — a great mass or stock 
of granite porphyry welled up fi;om below, through the 
earlier pre-Gambrian schists of the region. The Ray cop- 
per district lies near the borders of this stock, in the over- 
lying schist, which is cut by dikes and protuberances 
from the main mass. There is no evidence of much fault- 
ing before the period of intrusion, but about the time of 
intrusion fissuring was begun. The earliest fissures were 
of very slight displacement, and in the neighborhood of 
these the primary copper minerals were deposited, or in 
crushed zones of schist alined similarly to these fissures. 
Subsequent to the mineralization grow^ took place along 
certain faults, especially along the great Ray fault, and the 
present main mineralized area was uplifted, relatively to 
the coimtry on the other or east side, perhaps 1,000 or 2,000 
feet. Erosion attacked the uplifted block and reduced it 
to the level of the other block, and Tertiary deposits were 
laid down upon the leveled country. Again, at about 
the end of the Tertiary, the same block west of the Ray 
&iult was again powerfully uplifted, probably upward of a 
thousand feet, and the uplifted area was again attacked by 
erosion. The Tertiary rocks were stripped off from the 
schists, and a Pleistocene desert^wash deposit, called the 
Gila conglomerate, was formed. Later there was a general 
uplift of the whole region, and at the same time a reversed 
movement of a few himdred feet along the Ray fault, the 
block containing the main mineralized area this time sub* 
siding in contrast to its earlier repeated uplifts. 

The evidence upon which rests this conclu- 
sion of movements amounting to thousands of 
feet along the Bay fault has not, so far as I am 
aware, been published or even fully presented 
in manuscript form. It appears to be sub- 
stantially as follows: (1) The general distri- 
bution of the rocks suggests faulting. East 
of the creek is a fault mosaic such as is char- 
acteristic of the Dripping Spring Range, the 
surfaces of the many small blocks showing 
Paleozoic and younger rocks. West of the 
creek is a large and apparently little-faulted 

1 Tolman, C. F., jr., Diasemlnatad chalcodte deposits at Ray, Arts.: 
Min. and Sd. Press, vol. 98, p. 623, 1909. 

> Spurr, J. £., The relation of ore deposition to fau^^g: Econ. Geol- 
ogy, voi. 11, p. 612, 1916. 
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area of pre-Cambrian crystalline rocks cut by 
granitic porphyries. (2) East of the creek the 
dacite and the underlying Whitetail formation 
lie at comparatively low elevations and dip as 
a whole to the west. The dacite as exposed 
along the east side of Mineral Greek north of 
Ray is in places less than 2,100 feet above sea 
level, whereas on Teapot Mountain, a mile and 
a half west of the creek, the base of the dacite 
(not exposed within the area covered by PL 
XLV) is apparently at least 4,000 feet above 
sea level. These relations, shown in section 
A-A', Plate XLV, may be interpreted as the 
result of a 2,000-foot fault with downthrow 
to the east. (3) There is indubitable evidence 
of faulting along the general course of Mineral 
Creek. This evidence may now be critically 
examined. 

The general contrast shown by the rock dis- 
tribution on the two sides of Mineral Creek, 
striking enough in a hasty glance at the geol- 
ogic map, partly disappears on closer exami- 
nation. There are considerable areas of schist 
on the east side also, at the heads of Rustler, 
Jimmies Luck, and Bluebell gulches. More- 
over, the Paleozoic rocks represented are 
chiefly the Pioneer shale and Dripping Spring 
quartzite — ^that is, the basal part of the 
Apache group. The Troy quartzite and the 
Devonian and Carboniferous Umestones ap- 
pear in force just east of the area mapped in 
Plate XLV, and generally higher in the Drip- 
ping Spring Range. In other words, anyone 
descending the steep western slope of that 
range and continuing westward over the Ray 
district would in general, and so far as con- 
cerns the Paleozoic and pre-Oambrian formar 
tions, cross successively older rocks. There 
would be local exceptions due to faulting, but 
the general succession would be stratigraphi- 
cally downward. Such being the case, not 
only does the rock distribution make no de- 
mand for a profound fault along Mineral 
Creek, but rather it discredits the supposition 
that such a fault may exist. If the rocks to 
the east had been dropped 1,000 feet or more 
relatively to those on the west there should be 
found just east of the dislocating fissure some 
of the higher beds, such as the Martin lime- 
stone, not more schist with rocks that nor- 
mally belong just above the schist. 

The general relations between the dacite 
and Whitetail formation west of Mineral ' 



Creek and the same formations east of the 
creek are shown in Plate XLV. If, as is 
apparently the case, these two formations lie 
nearly horizontal on Teapot Moimtain, the 
obvious interpretation of section A-A' is that 
the rocks east of Mineral Creek have been 
faulted down. The dacite on Teapot Moun^ 
tain is not shown in the section, as it lies just 
outside of the area mapped, but the elevation 
of its base above sea level is estimated at 
about 4,000 feet. The same rock just east of 
Mineral Creek is less than 2,100 feet above 
sea level. This difference, in accordance with 
the fault interpretation, would give a minimum 
throw of 1,900 feet. In connection with what 
is known of the general geology of the region 
and in the absence of any conflicting evidence, 
this would be a very natural interpretation to 
pla^ upon the facts as presented in the sec- 
tion. 

Other interpretations, however, are possible 
and, in the light of what follows, are perhaps 
more probable. It is to be observed that the 
attitude of the Whitetail formation, dacite, 
and Gila conglomerate north of Ray (PL 
XLV) is generally synclinal. The syncline is 
irregular and is further distorted by faulting, 
but apparently here is one of the few places 
in the region where the rocks have bent rather 
than fractured imder stress. Along the west- 
em margin of the syncline the beds in places 
are steeply upturned, supposedly as a result of 
drag along fault fissures. It does not seem 
likely, however, that the structure as a whole 
can be merely a local accompaniment or 
result of fault movements. If not, then gentle 
folding with perhaps minor step faulting can 
account for the difference in elevation between 
the dacite west and east of Mineral Creek. 

That there is more or loss faulting along 
and near the course of Mineral Creek is un- 
questionable. It remains to inquire how far 
this faulting supports the view that the creek 
is approximately coincident with a zone of 
profound displacement. The examination of 
such facts as are brought out by detailed 
mapping may conveniently begin in the north- 
em part of the area shown on Plate XLV and 
proceed southward. 

Near the mouth of Rustler Gulch pre- 
Cambrian intrusive rocks associated with the 
Pinal schist are separated by a narrow strip of 
dacite from the GUa conglomerate to the east. 
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The dacite strip appears to be the surface of 
a faiilt block. The throw of the fault which 
brings the dacito against the Gila conglomerate 
is probably not over a few hundred feet, for 
the conglomerate normally rests on the dacite, 
as may be seen half a mile above the mouth of 
Rustler Gulch. The fault along the western 
margin of the block may have considerably 
greater displacement. Not necessarily so, how- 
ever, for in the upper part of the gulch the 
dacite and a rather thin layer of the Whitetail 
formation rest on Pinal schist, and a throw 
of 100 feet, enough merely to cut out the White- 
tail, could easily accoimt for the observed 
relations near the mouth of Rustler Gulch. 

About a third of a mile south of Rustler 
Gulch, on the west slope of the 2,376-foot 
dacite knob, the lower of two prospector's 
timnels goes through 165 feet of schist into 
dacite, and the relations of the two rocks 
indicate a throw of at least 75 feet. Some of 
the dacite cut in the tunnel in black and glassy, 
such as is usually characteristic of the basal 
portion of the flow, a fact which suggests only 
moderate displacement. At least three gouge- 
filled fissures, of which the most pronounced 
dips 55^ E., are exposed in the tunnel. Both 
dacite and schist are much broken and dis- 
turbed, and beyond clear demonstration that 
some faulting has taken place and that the 
dacite as a whole has been dropped to the 
east the tunnel gives no satisfactory evidence 
as to the character and extent of the move- 
ment. South of the tunnel the two main 
fault fissures which limit the block of dacite 
come together and, with a branch fault, dis- 
appear under the alluvium of the Mineral Creek 
valley. 

About halfway between the tunnel just men- 
tioned and the town of Ray another fault, 
striking north-northeast, offsets the western 
border of the syncline in the dacite and Gila 
conglomerate north of Ray. The throw of 
this fault is probably not much over 100 feet. 

Four fault fissures just north of Ray are 
shown on Plate XLV. Three of them partly 
inclose an area of dacite, and the fourth cuts 
diagonally across that area. Little informa- 
tion is obtainable concerning these faults, 
which apparently are not of large displace- 
ment. The only one which could have a 
throw of more than a few himdred feet is the 
one which brings dacite against schist, just 
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north of Ray. The direction of this fault, 
however, is not that to be expected of the 
"Mineral Creek fault." 

South of Ray the "Mineral Creek fault" 
appears to be represented by the southeast- 
ward continuation of the diagonal fissure 
referred to in the preceding paragraph. This 
is a well-marked fault, but there is nothing to 
indicate that its throw is large. About 450 
feet northeast of the outcrop of this fissure, 
on the Sooner claim, the No. 21 drill hole of 
the Arizona Hercules Co. penetrated to a 
depth of 1,062 feet. Between the depths of 
885 and 935 feet was found 50 feet of 1.54 per 
cent ore. This ore is about 400 feet lower 
than the depth at which the ore known in the 
Arizona Hercules or Ray Hercules ground west 
of the fault would intersect the drill hole if 
projected eastward. In other words, if the ore 
body is f axdted, the throw at this place does 
not exceed 400 feet. Hole 13 of the Ray 
Hercules Copper Co. is situated on the south 
slope of the 2,203-foot lull just north of Ray, 
from 200 to 300 feet northeast of the fault 
shown on Plate XLV as cuttinjg diagonally 
across the dacite area north of Ray. In this 
hole, which is 1,089 feet deep, ore was reported 
as occurring at depths of 260 to 300, 325 to 
350, and 835 to 845 feet. Even on the unlikely 
supposition that the thin deep layer is the 
same as the main ore body west of the fault, 
the throw could hardly exceed 600 feet. 

East of the Ray No. 1 shaft the fissure men- 
tioned in the preceding paragraph ends against 
a fissure of more northerly trend, which in 
turn disappears to the south under alluviimi. 
About the mouth of Amanda Gidch, in the 
southeast comer of the area mapped, nothing 
recognizable as the "Mineral Creek fault" has 
been found. Just south of the gulch, on the 
west side of Mineral Creek, the Pinal schist 
has been thrust from the southwest over 
the Dripping Spring quartzite. Erosion has 
stripped the schist from the harder quartzite, 
exposing a considerable area of the footwall of 
the thrust, dipping 45° SW., as shown in 
Plate XXVIII, B. The throw may amount 
to 400 feet, but no accurate estimate of the 
displacement is possible. Across a small 
unnamed* gulch south of Amanda Gulch the 
line of the overthrust is continued by the 
contact of the Gila conglomerate with the 
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Dripping Spring quartzite. This contact has 
the appearance of being a fault, but it is pos- 
sible that the conglomerate was originally 
deposited against such a stripped footwall as 
is shown in Plate XXVIII, B. 

From the foregoing facts a warrantable con- 
clusion seems to be that although Mineral 
Creek in a rough way marks the division 
between a much faulted region on the east 
and a less faulted region on the west, and 
although there is undoubted f axdting along the 
* general course of tJie creek, yet there is no 
profound fault coincident with this Line of 
division. The boundary between the two 
structural divisions of the district is marked 
by comparatively short intersecting faults of 
moderate displacement and of the same general 
character as those abundant along the eastern 
border of the area mapped on Plate XLV and 
in the Dripping Spring Range as a whole. 

This feature of the structure has been con- 
sidered at some length, for the character and 
age of the faulting along Mineral Creek have a 
bearing on the possible extension of ore bodies 
to the east and on the interpretation of drill 
records. Both with regard to the extent of 
the movement along the supposed Mineral 
Creek or Bay fault and, as will appear later, 
with regard to the time and character of such 
displacement as may have occurred along the 
general line of Mineral Creek, the conclusions 
reached in the present report differ from those 
set forth in the quotation given on page 127. 

In the vicinity of Humboldt Hill two per- 
sistent fissures cut the schist and probably have 
been associated with considerable displace- 
ment. One know^ as the Sun fault has a 
nearly northeast course from the Tribimal 
shaft through the Mathias & Hall shaft, ter- 
minating apparently just east of the hill, 
against the second fissure,, known as the 
Sharkey fault, which has a nearly northwest 
course. The Sharkey fault has apparently 
brought about the erosion of the saddle just 
west of the summit of Emperor Hill, passes 
west of the Humboldt and Sharkey shafts, 
and curves west toward the Flux shaft. 
Inasmuch as these fissures are entirely in 
schist, whatever structural importance they 
may have is not evident. They are of some 
interest, however, in connection with the ore 
bodies, and their characteristic features, as 
seen xmderground, will be described later. 



The Pinal schist of the Say district, consisting 
chiefly of altered sedimentary rocks, was closely 
folded and compressed before or during the 
change of these rocks to schist. This folding 
apparently is the chief cause of the irregulari- 
ties in the belt of schistose rhyolite south of 
Copper Canyon. It is possible that by ex- 
tremely detailed work the old structure in the 
schist might in part at least be worked out 
and the positions of the synclines and anti- 
clines determined. There is no reason to 
expect, however, that the result would have 
scientific or economic importance in any way 
commensurate with the labor or time that 
would be necessary for such a task. The 
occunrence and distribution of the ore ap- 
parently have not been influenced in any way 
by the pre-Cambrian folding. 

EROSION. 

The present schist surface in the Bay dis- 
trict, while it tmdoubtedly owes its topographic 
features to Quaternary erosion, has not as a 
whole been very greatly reduced below a 
surface that existed in Tertiary time. A view 
over the central part of the district toward 
Teapot Mountain, such as that of Plate 
XLTTT, B, indicates very clearly that the 
1/Vhitetail formation exposed on the steep 
slopes of the motmtain once covered the 
copper-bearing area. The Whitetail in turn 
was covered by the dacite. It was only after 
the removal of these rocks that erosion of the 
schist could again proceed. To what extent 
the schist had been uncovered before the 
deposition of the Gila conglomerate began and 
how far that conglomerate extended over the 
present schist area can not be determined. 
The terrace deposits, more conspicuously 
developed in the Ray district than elsewhere 
in the general region, represent a period when 
the streams were loc^y overloaded. Whether 
this was due to an increase in the quantity of 
detritus to be moved, a change in climate, or a 
lessening of stream gradients by earth move- 
ments is not known. Recent erosion has 
dissected the terrace deposits and etched out 
the rough ravines through which storm waters 
now escape to lifineral Creek. 

Although it happens that most of the mining 
by the Ray Consolidated Copper Co. has been 
done under two hills, Ray Hill and Humboldt 
Hill, there apparently is no constant or 



GEOLOGY OF THE RAY DISTBIGT. 



181 



significant relation between the topographic 
details of the present surface and the occur- 
rence of ore. The ore is thick under Humboldt 
Hill, but it is both thick and of comparatively 
high grade under the lower part of Copper 
Gulch. In certain details of erosional sculptur- 
ing the fact that the rocks contained dissemi- 
nated pyrite, with its larain of chemical 
consequences, appears to have left its mark. 
It has not, however, proved possible to de- 
termine from the work of erosion at any one 
place the result of the phjrsical and chemical 
processes of enrichment directly beneath. 



Owing apparently to variation in hardness 
or induration from place to place, the Gila 
conglomerate in some localities has been 
shaped by erosion into forms having Uttle in 
common with the even-crested branching 
spurs that flank the Pinal Range. Such 
exceptioQal products of erosion are the curious 
rounded towers that are coni^cuous features 
along Mineral Creek a few mil^.. below. Say 
(PL XXIV). These are residual^ of resistanib 
portions of the conglomerate lef t.bj^^nd in the 
general recession of the conglQzne^^te blufis 
along the creek. , 



Chapter VII.— Mineralogy. 



LIST OF MINERALS. 

The minerals described in this chapter are 
those occurring in or doeely associated with 
the ore bodies. As the ores are generally of 
simple mineral composition the species are not 
numerous. They will be described in the order 
followed in Dana's "System of mineralogy." 

Minerals oocurring in or anodated with the copper area of 

Ray and Miami. 



Copper (native). 


Timonite. 


Silver (native). 


Malachite. 


Molybdenite. 


Azurite. 


Galena. 


Feldspan. 


Chalcocite. 


Amphibole. 


Sphalerite (?). 


Andalufiite. 


Covellite. 


Zircon. 


Chalcopyrite. 


Tourmaline. 


Pyrite. 


Muscovite (sencite) 


Quartz. 


Biotite. 


Cuprite. 


Chlorite. 


Bmenite. 


Kaolinite. 


RutUe. 


ChryBOGolla. 


Melaconite. 


Ahinite. 



FEATURES OF OCCURBENCE. 

Copper, — ^Native copper is rather rare in the 
disseminated ore bodies. It was noted in 
small particles in the No. 3 (Ray Central) 
mine down to a depth of at least 400 feet, and 
some large masses doubtless occurred also in 
the oxidized ore worked years ago near the 
old Ray shaft. Particles were found by Mr. 
R. C. Nowland in sludge from drill hole G 63, 
of the Gila Copper Co.'s holes, at a depth of 
375 feet. It was observed in the Miami mine 
on the 470-foot level associated with chalco- 
cite and cuprite. It is here clearly younger 
than the chalcocite, which it has penetrated 
along minute cracks. Careful search would 
probably discover small quantities at other 
places in the upper part of the chalcocite zone, 
but nowhere at Ray or Miami does native 
copper, so far as at present known, form an 
important constituent of the ore. The ore 
bodies of these two districts differ in this 
respect from those of the Chino mine at Santa 
Rita, N. Mex., in certain parts of which the 
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native metal occurs abundantly both in small 
particles and in masses weighing several 
pounds. 

In 1911 there were obtained from a chum- 
drill hole, then over 500 feet deep, which was 
being bored for water in the town of Miami, 
fragments of schist traversed by small frac- 
tures containing thin films of native copper. 
These fragments clearly came from a boulder 
in the Gila conglomerate and arQ of interest as 
a bit of evidence tending to show that copper 
ores had been deposited and oxidized before 
the conglomerate was laid down. 

Native copper was found in the Gila con- 
glomerate also in drill hole 76, 2,050 feet deep, 
put down by the Miami Copper Co., 1,600 feet 
S. 63'' E. from its No. 4 shaft. This hole was 
still in conglomerate when work was aban- 
doned. According to Mr. H. P. Bowen, 
metalUc copper was first noted at a depth of 
1,000 feet and appeared to increase down- 
ward, although not regularly. Assays of 
sludge from the hole yielded as much as 0.95 
per cent of copper. This was chiefly native 
metal, but a few particles, as reported by 
Prof. L. C. Graton, to whom a sample had 
been submitted by the company, showed chal- 
cocite from which the native copper had 
clearly in part been derived. Prof. Graton ex- 
pressed the opinion that probably all the 
native copper had this origin, a conclusion 
that is in keeping with the observed associa- 
tion of such native copper as has been seen 
in the Miami mine. At the bottom, at a depth 
of 2,050 feet, the sludge showed a Uttle pyrite 
enriched with chalcocite. Prof. Graton esti- 
mated that perhaps one-third of the sulphide 
grains from this depth were all chalcocite, the 
enrichment being about as great as in the 
Miami ore body. He remarked that it is not 
clear whether the enrichment took place be- 
fore or after the conglomerate was deposited. 

A httle native copper in Gila conglomerate 
has been reported also from the No. 1 drill 
hole of the Barney Copper Co. 
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Silver. — ^Native silver is not found in the 
ordinary ores of the Ray and Miami districts 
but occurred in a small vein with cuprite and 
chrysocolla in the No. 3 (Ray Central) mine. 
This vein was worked near the surface in the 
early days of Ray, before any attention was 
given to the low-grade copper ore. The part 
of the vein in which the silver occurred has 
been removed m the com^e of the modem 
stoping. 

Molybdenite. — ^The sulphide of molybdenum-, 
easily recognized by its bright metallic gray 
color, lamellar habit, and softness, is widely 
distributed through the deposits both at Miami 
and Ray, although it is nowhere present in 
great quantity. In the Miami mine and in the 
No. 1 mine of the Ray Consolidated Copper Co. 
it is most abundant in or very close to tJie gran- 
ite porphyry. In the Miami mine the mineral 
occiu^s in quartz veinlets which carry also 
pyrite and chalcopyrite. Here, as shown by 
the relation of the minerals to the walls of the 
fissures (PL XIV) , the order of deposition was (1 ) 
molybdenite and quartz, (2) quartz, (3) quartz, 
pyrite, and chalcopyrite, and (4) sericite in vugs. 

Molybdenite was observed in the Sulphide 
tunnel of the Live Oak mine, in schist just under 
an intrusive sheet of porphyry. It was noted 
also on the dump of the live Oak No. 2 shaft 
in 1914, but as these workings were temporarily 
closed at the time of visit no attempt could be 
made to ascertain the place from which the 
material on the dump came. 

In the ore molybdenite, unless more than 
usually abundant, might readily be overlooked, 
because of the lack of strong color contrast 
between it and the chalcocite. 

Qalena,. — Galena was not observed in the dis- 
seminated copper ores in the course of the 
present investigation, but, according to Mr. 
C. E. Arnold, assistant mine engineer of the 
Inspiration Consolidated Copper Co., it has 
been reported by one of the shift bosses in the 
eastern part of the Inspiration workings about 
70 feet above the 300-foot level. It is certainly 
very rare in these deposits, if it occurs at all. 

Chalcocite, — Copper glance, cujwous sulphide, 
is the essential mineral of the disseminated 
copper deposits in the Ray and Miami districts. 
It is wholly secondary and has been deposited 
by descending waters partly at the expense of 
older sulphides, particularly of pyrite and chal- 
copyrite. The ores exhibit all gradations from 



pyrite crystals coated with a thin film of chal- 
cocite to complete pseudomorphs and solid 
veinlets of the cuprous sulphide. 

The chalcocite occurs most characteristically 
as small specks disseminated rather generally 
through the schist or porphyry of the ore body 
but distributed particularly along minute 
planes of fracture and to some extent along 
planes of schistosity. It also occurs as distinct 
veinlets, rarely 6 inches wide. Numerous small 
veinlets, for the most part less than half an 
inch wide or thick, constitute a considerable 
part of most of the ore. Many of these veinlets- 
when broken across show numerous residual 
granuleB of pyrite. 

As seen in freshly broken ore the chalcocite 
is of compact textiu^, bright gray color, and 
metallic luster. In these respects the ore of 
the Ray and Miami districts differs from that 
of the Santa Rita (Chino) district, N. Mex., in 
which the chalcocite is generally dull. The 
metallic brightness is lost on slight weathering 
or on attack by imderground solutions, the 
sulphide becoming coated as a rule with 
melaconitCi the black oxide of copper. 

Chalcocite pseudomorphous after pyrite and 
retaining accurately the form and striations of 
that mineral is fairly conunon, especially in the 
Miami district. In some places the chalcocite 
is a thin film on the pyrite ; in other places the 
pyrite has disappeared or is represented by a 
small kernel in the center of the pseudomorph. 
In the Miami mine some exceptionally large 
cubic crystals of pyrite, over an inch in diame- 
ter, were observed to have only a thin shell of 
chalcocite, and in general the large crystals 
appear to have undergone chalcocitic replace- 
ment to a much less extent than the aggregates 
of smaller crystals such as usually constitute 
the filling of veinlets or occur disseminated 
through the rocks. ITie replacement, however^ 
is not merely peripheral but may proceed from a 
network of cracks. Characteristic stages of 
the replacement of pyrite by chalcocite are 
shown in Plate LIV, B and O^ and in figures 21 
to 23. 

Some chalcocite has replaced chalcopyrite, 
but as the chalcopyrite does not as a rule 
possess crystal form, the evidence of this re- 
placement is less obvious than for pyrite. 
Moreover, as chalcopyrite is more readily con- 
verted to chalcocite than pyrite is, it is less 
frequently found as residual kernels. Never- 
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tiielees, as will be shown when the ores are 
described, it is clear that a part of the chalco- 
cite in the ores GJh spaces once occupied by 
chalcopyrite. None of the chalcocite seen in 
tile Ray or Miami districts bas its own external 
cryBtal form. 

In many specimens of ore, especially such as 
have been taken* from an exposed stock pile or 
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from walls of a drift that has been open for 
some time, the chalcocite is covered with a 
dull black film. Small specks of chalcocite are 
not only covered with a film, but the dull 
dark-brown or black material has spread out 
from the original chalcocite speck as a tiny 
dendritic rosette. The original specks are 
thus enlai^d, and the result is an ore appar- 
ently containing 
more chalcocite 
than is actually 
present. Thelittle 
rosettee closely re- 
semble tbef amihar 
dendrites of man- 
ganese oxide found 
on the joint sur- 
faces of many 
rocks. When test- ► ' '^""'"^ i 

aH however thev ^am^7i.-i.lyplcalsrBiD.olcbid<!oaie 
ea, nowever, uiey ^^^ ,^^^^ ^ ^^^_ ^^^^ ^^ 

showed no manga^ phyr? on, wcoul Isvel of the No. 1 

nese but gave a "J^R'riwri"- 
pronounced copper reaction. Tested with a 
drop of 10 per cent silver nitrate, they 
immediately began to precipitate crystalline 
metalho silver. This is a useful test for 
chalcocite, serving to distinguish quickly this 
mineral from others with which it might 
be confused on superficial examination. It 



le result is an ore appi 

4 



was thought at one time that the doll 
dendritic material might be melaconite; but 
pure cupric oxide does not throw down silver 
from solution, whereas cuprous oxide (cuprite) 
does.* This difference in behavior is utilized 
in the Ziervogel process of silver extraction to 
determine the stage of oxidation of the argen- 
tiferous matte, the oxidation of cuprous to 
cupric oxide being considered complete when 
Bpangles of metaUic silver cease to appear upon 
b^atinent of a sample of the chai^ with boil- 
ing water.' 

The rosettes, then, can hardly be melaconite, 
although they may be a mixture of cuprous 
sulphide and cupric oxide. They are too small 




and too closely associated with chalcocite to 
permit a reliable test for sulphur. 

Further details on the occurrence of chalco- 
cite will be found in the chapter on the ores 
(p. 156). 

SpluUeriie. — Zinc blende, the sulphide of 
zinc, has not been observed in the Ray or 
Miami ores in the course of the present investi- 
gation, and inquiry in both districts among 
those familiar with the mines and ores failed 
to discover any recognition of its presence. 
Tolman and Clark,' however, mention the 
occurrence of sphalerite in the upper part of 



iThaocdliBry black oxide of coppemppllcd U ft blowplp« mgcM 
does, however, throw down diver [rom a silver nitrate lohitlfn, probkblf 
becuue it oontiins lame melAlUc copper or cu^nMi oxide. 

I Collins, H. P., The Metallarg7 of had and diver. Part II, Sliver, 
p. 1B3, London, 1900. 1 im Irjlebted to Mr. Cbwe Palmet lor eillliig my 
(ttention to (hli relei«n». 

■ Tolman, C. P., Jr., and Cluk, J. D., The oddaUin, Mlutlan, and 
predpltutloH ol eojiper In electrolytic solutlooa end the dlspentoD and 
predpltatlon of copper nilphldes frim oollitdal •uipenilOD^ with a 
leologlcal diKnnlon: Boon. Qeolocy, vol. 9, p. SM, pL MB, ini. 
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tne Miami ore body and give a photomicro- 
graph showing the replacement of this sphal- 
erite by chalcocite. A fragment of their speci- 
men, Idndly furnished by Prof. Tolman, shows 
the presence of some residual sphalerite when 
examined by reflected light under the micro- 
scope and afforded a distinct chemical reaction 
for zinc as tested by W. T. Schaller, of this 
Survey. 

That sphalerite may be present also in small 
quantity in the ore of the Ray district is indi- 
cated by the presence of zinc in the water from 
the No. 3 mine, of which an analysis is given 
on page 141. 

CoveUite. — ^The blue cupric sulphide is ex- 
tremely rare in the Ray and Miami districts. 
A very little was noted in the Miami mine as a 
superficial alteration product of chalcopyrite. 

ChalcopyrUe. — Chaflcopyrite is not a con- 
spicuous mineral in either of the districts here 
described but is fairly abundant in the protore 
of the Miami district, occurring with pyrite in 
veinlets and in disseminated form. In the 
Miami mine it occtu^s with molybdenite and 
quartz as veinlets in granite porphyry and has 
been f oimd in diamond-drill cores disseminated 
through porphyry and schist below the chalco- 
cite zone. In places this disseminated chalco- 
pyrite is abundant enough to raise the rock to 
the grade of ore. To some extent chalcopyrite 
is probably inclosed in pyrite to form the 
so-called cupriferous pyrite. Polished sections 
of the ore and protore, however, have shown 
few examples of this relation, and in those seen 
the chalcopyrite is clearly yoimger than the 
pyrite and may be of supergene origin. As a 
rule, the pyrite of the protore is free from other 
sulphides. 

In the Ray district chalcopyrite appears to 
be less abundant and less generally distributed 
through the protore than at Miami. In the 
ordinary schist protore it was not observed, 
althou^ it is probably not entirely absent. 
It was noted in granite porphyry protore in 
the No. 1 mine, on the third level, near the 
shaft station. It is fairly abundant in the 
metallized and metamorphosed diabase of 
the district, partly in disseminated condition 
but chiefly in small veinlets. 

In the process of enrichment the chalcopyrite 
is converted to chalcocite more readily than 
pyrite and under equal conditions disappears 
before the pyrite. Even more noticeably 



than with pyrite, the change is not merely 
peripheral but proceeds from an intricate 
network of tiny cracks. On a polished siur- 
face of chalcopyrite the veinlets of chalcocite 
in the early stages of replacement suggest in 
their delicate intricacy of pattern the finest 
lace or the web of the spider. 

The relatively small proportion of chalco- 
pyrite in the protore of the Miami district has 
undoubtedly contributed a large amount of 
copper to the chalcocitic ore. The mineral is 
of practical importance in that district, how- 
ever, chiefly' as a source of copper for the 
natural enriching solutions and only subordi- 
nately as a constituent of the ore or as a means 
of gathering or precipitating additional copper 
sulphide from these solutions. The principal 
mineral to be replaced by chalcocite during 
the process of enrichment in both districts was 
imdoubtedly pyrite. 

Some of the chalcopyrite in the Miami mine 
is tarnished so as to closely resemble bomite, 
which it was at first supposed to be. No 
bomite, however, unless as a mere tarnish 
film, has been seen in either the Ray or Miami 
districts. 

Pyrite. — Pyrite is the most abundant sul- 
phide in the Ray and Miami districts and is 
the characteristic mineral of the protore, in 
most of which, especially in the Ray district, 
it is the only sulphide visible. It occurs dis- 
seminated through the schist and porphyry of 
the metallized areas and in cotmtless stringers 
or veinlets of all sizes, from mere films along 
joint cracks to veinlets 6 inches wide. Most of 
the veinlets are less than an inch wide. 

Well-formed crystals with faces sufficiently 
large to be seen with the naked eye are rather 
rare. The cube is the usual form. The largest 
cubic crystals seen were collected on the. 135- 
foot level of the Captain workings of the Miami 
mine. Some of these are an inch across. 

Pyrite may be f oimd in all stages of replace- 
ment by chalcocite, from crystals coated or 
veined with mere films of chalcocite to small 
residual kernels. 

A sample of fresh, bright pyrite from the 
second level (2 W. IJ N.) of the No. 1 mine at 
Ray was carefully washed, and crystal frag- 
ments were selected from it for their apparent 
purity and homogeneity. These were tested 
in the Survey laboratory by R. C. Wells, who 
found them to contain 0.042 per cent of copper» 
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a quantity that is probably ratiier under than 
above the average amount of copper reported 
in analyses of pyrite. In other words, the 
pyrite of the Ray district, if the sample 
analyzed is representative, is not especially 
cupriferous. 

Quartz. — One of the most abundant non- 
metaUic minerals of the ore and protore is 
quartz. It is the common gangue of the 
countless pyritic stringers in the protore and 
of the chalcocitic stringers in the ore. Chiefly 
as a microscopic constituent it makes up a 
large part of the metallized rock. As a con- 
stituent of the schist and porphyry much of 
it of course crystallized before the period of 
metallization. The introduction of the sul- 
phides, however, was attended by extensive 
recrystallization of the quartz already present. 
by the production of new quartz through the 
alteration of silicate minerals, and probably 
by the deposition as quartz of silica brought 
from imknown depths by the ore-bearing 
solutions. Enrichment by descending solu- 
tions has also been accompanied by some 
deposition of quartz, as is diown clearly by 
the fact that malachite and chrysocolla in the 
Miami district are covered by drusy crusts of 
quartz. 

Microscopic inclusions of liquid, usually 
with a gas bubble, are abundant in the quartz 
of the protore and ore. In protore derived 
from granite porphyry such mclusions are 
generally more abundant in the quartz pheno- 
crysts than in the corresponding phenocrysts 
of the fresh porphyry. Apparently they were 
introduced during the period of primary 
metallization. 

Chalcedony is not generally present in the 
disseminated ores but occiu^ in intimate asso- 
ciatiqA with chrysocolla in certain places within 
the oxidized zone of the Miami district. This 
occurrence will be described under chrysocolla. 

Cuprite. — ^The red cuprous oxide is rare in 
the mines of Miami and Kay but, has been 
foimd in small quantity with native copper in 
the Kay Central, now the Kay Consolidated 
No. 3 mine, within the zone of chalcocite en- 
richment and to a depth of at least 400 feet. 
Specimens from a small vein worked in early 
days in this mine show cuprite, chrysocolla, 
and native silver. In small quantity cuprite 
was observed on the 470-foot level of the 
Miami mine, associated with native copper and 
chalcocite. 



The variety chalcotrichite, in which the 
cubical crystals are elongated into slender 
acicular forms, was fairly abimdant as spark- 
ling ruby-red aggregates of delicate hairlike 
crystals, in one of the stopes formerly worked 
from the old Kay shaft. Specimens seen in 
Kay show it to be associated with ordinary 
cuprite in small cubes, limonite, and melac- 
onite. 

Ihnenite. — ^Ilmenite has been identified as a 
finely disseminated minor constituent of some 
of the Pinal schist and may be present In the 
schist protore, although this was not deter- 
mined. 

RutUe. — ^Kutile in minute microscopic crys- 
tals is generally present in the metallized schist 
and porphyry, both protore and ore. In part 
it is clearly an alteration product of biotite, 
and generally the Uttle crystals are in groups 
or nests, a fact which suggests, even when no 
biotite remains, that the rutile is an alteration 
product of that or some other mineral. 

Mdaconite. — ^The earthy form of the black 
oxide of copper (cupric oxide, CuO) was noted 
in small quantity with cuprite in some speci- 
mens from the old workmgs of the original 
Kay mine. 

Limonite. — ^The common hydrous oxide of 
iron is an invariable constituent of the so-called 
capping above the ore and in dispersed condi- 
tion gives the rusty appearance characteristic 
at the siu*face of much of the rock that has 
been leached of its copper and sulphur. The 
limonite has resulted chiefly from the oxida- 
tion of pyrite. It nowhere forms large masses 
and is of no economic importance. Whether 
the hydrous iron oxide is really the mineralogic 
species limonite or one of the related species 
turgite or gothite has not been determined. 

MalacMte. — ^The green carbonate of copper 
is not a typical constituent of the ore or cap- 
ping but is fairly abundant in certain places, 
especially in the Miami district. The brilliantly 
colored schist and porphyry that crop out on 
the Live Oak and Keystone groups and on the 
Captain claim of the Miami group owe their 
color to chrysocolla and malachite, partly as 
thin films and partly as veinlets. Similar 
rock has been found in the Miami mine extend- 
ing at least to the 420 level. In this the 
veinlets of malachite contain kernels of chalco- 
cite, showing that the carbonate has formed in 
place by alteration of the sulphide. In the 
Bulldog tunnel of the Inspiration workings 
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mala^^te is associated with bright-blue chryso- 
coUa, chalcedony, and quartz in aggregates of 
much beauty. (See PL XLVI, A and O.) 

Malachite was noted on the 2025 level of the 
Ray No. 1 mine, as mammillary incrustations 
in a small open crevice. In thin crusts, asso- 
ciated with nearly black chrysocolla and with 
azuritC; it coats and cements the pebbles of a 
recent conglomerate on Copper Creek, a quarter 
of a nule west^outhwest of Ray. 

AzariU. — ^The blue copper carbonate is of 
rare occurrence in connection with the dis- 
seminated ores of the Ray and Miami districts. 
A little was noted in the northeastern part of 
the 370 level of the Miami mine and in the 
recent cemented cupriferous gravels of Copper 
Canyon, a quarter of a mile west-southwest of 
Ray. 

Feldspars. — ^The quartz monzonite porphyry 
of the Ray district and the porphyritic facies 
of the Schultze granite in the Miami district 
both contain abundant feldspars, including 
orthoclase, oligoclase, and andesine. In the 
processes of metallization, however, these 
feldspars are converted into sericite, kaolinite, 
quartz, and other secondary minerals, which as 
t^gregates retain pseudomorphously the out- 
ward form of the feldspar. This outline, 
however, is not sharp, as the sericite scales have 
grown outward in part into the groundmass. 
As a rule the change from feldspar to sericite or 
to sericite and kaolinite is complete, or nearly 
30. Some of the granite porphyry protore, 
however, near the main shaft on the third level 
of the No. 1 mine at Ray, shows only partial 
sericitization of the feldspars. 

In the Ray district some bodies of diabase 
are closely associated with the ore. Some of 
this diabase, probably just prior to the metalli- 
zation, has undergone partial metamorphism in 
consequence of the intrusion of the quartz 
monzonite porphyry, whereby the original 
labradorite or bytownite has been in part 
rendered turbid by the development of minute 
mineral particles within it and in part recrystal- 
lized as clear secondary feldspar. 

Amphihole. — Some of the altered diabase of 
the Ray district contains conunon green horn- 
blende in ragged anhedral crystals or aggregates 
of small prisms. It is secondary. The mineral 
is not a constituent of the ordinary ore or 
protore of the Ray and Miami districts. 



AnddbisUe. — ^Although not everywhere pres- 
ent in the Pinal schist, andalusite is a fairly 
common constituent in the vicinity of post- 
Cambrian granitic rocks, where it has been 
developed by contact-metamorphic action. It 
was noted particularly in some of the schist 
of Granite Mountain in the Ray district and in 
the schists along Ldveoak Gulch, south of the 
live Oak No. 2 shaft. A little andalusite was 
identified microscopically in schist protore from 
the second level of the No. 1 mine at Ray, 
west of the ore body. 

Zircon. — ^In the usual small, stout prismatic 
crystals zircon is present as a microscopic 
constituent of the altered schist and porphyry 
of the metallized areas. It is nowhere abun- 
dant, and its presence has no particular signi- 
ficance in connection with ore deposition. 

Tourmaline. — ^In small prisms without dis- 
tinct terminal faces tourmaline is a fairly 
constant minor constituent of the Pinal schist 
in the vicinity of post^ambrian granitic 
intrusive rocks and remains unchanged in the 
schist protore. It has not been observed in the 
ore and probably disappears in the process of 
enrichment. 

Muscovite. — ^The fine-leaved variety of mus- 
covite known as sericite is one of the most 
abimdant and characteristic nonmetallic min- 
erals of the ore and protore. It has been 
formed at different times and by different 
processes. It is one of the principal con- 
stituent minerals of the normal Pinal schist 
and as such is a product of pre-Cambrian meta- 
morphism. In the schist it is impossible as a 
rule to distinguish between the sericite of the 
earlier metamorphism and that formed during 
the later period of metallization, in which the 
schist was converted to protore. In the granite 
porphyry, which was intruded long after the 
schist had undergone its first metamorphism, 
the development of sericite was clearly related 
to the metallization. It has formed at the ex- 
pense of the feldspar phenocrysts and with 
quartz, largely recrystallized quartz, consti- 
tutes most of the groundmass of the porphyry 
protore. It forms characteristic felty aggre- 
gates ia which th)B small foils are in part clus- 
tered radially into ragged sheaves. In places 
these scales project into the original quartz 
phenocrysts of the porphyry, evidently by re- 
placement of the quartz. In some of the 
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granite porpbyiy protore of the Muuni mine 
sericite was obserred projecting from the walls 
of microscopic vugs in a quartz veinlet contain- 
ing molybdenite. Here, evidently, the mineral 
was deposited by solutions in an open space. 

Whether sericite was formed also during the 
progress of enrichment is not known, as there 
are no meat» of distinguishing sericite formed 
by Bupeigene solutions from that formed by 
hypogene solutions. From all that is known 
of the occurrence of this mineral, however, it is 
not probable that it was deposited by cold de- 
scending solutions.' 

Siotite. — Black mica is a characteristic con- 
stituent of the granite porphyry and occurs in 
certain varieties of the Final schist. It is 
abundantly developed in diabase in the Kay 
district by the metamorphosing action of the 
granite porphyry. In the granite porphyry it 
occurs in foils about 3 millimeteis in greatest 
diameter. These are comparatively resistant 
to the chemical changes effected in the rock as 
a whole by primary metallization and by en- 
richment. In the protore particularly the bio- 
tite may remain fairly fresh when the feldspars 
have been completely sericitized. As a rule, 
however, the biotite disappears in the change 
&<om protore to ore. 

The typical Pinal schist is essentially a 
quartz-eericite rock, but some varieties contain 
biotite with the sericite. These probably were 
originally tuffaceous sediments. 

Certain soft dark schists exposed in the mine 
workings at Ray consist chiefly of biotite. 
Comparison of these with diabase in which 
abundant secondary biotite has been developed 
by the metamorphosing action of the granite 
porphyry magma has led to the conclusion 
that these schists are altered basaltic or dia- 
basic rocks, in places grading through originally 
tuffaceous material into the normal sericitic 
Pinal schist. The biotite of these schists is a 
little lighter in color and less strongly pleochroic 
than the biotite of the granite porphyry. 

As a rule the biotite of the protore shows 
alteration into sericite, sulphides (chiefly py- 
rite), and rtitUe. The change to chlorite, so 
common in weathered rocks, is rarely seen in 
the protore. 

Chlorite. — Minerals of the chlorite group are 
rare in the metallized rocks of Ray and Miami. 
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A chlorite is present in small qaantity.howeTer, 
in some of the granite porphyry protore as an 
alteration of biotite and in some of the altered 
diabase of the Ray district, where it probably 
is a derivative of augite or olivine. 

Eaolinite. — Kaolioite ocouis associated with 
sericite and quartz in the altered granite 
porphyry of the Ray and Miami districts in 
situations whei% the formation of the mineral 
can not be ascribed to ordinary weathering. 
One of these, for example, is in the incline of 
the No. 1 mine at Ray, below the second level 
and imder the ore body. Another is in the 
western part of the 420 level of the Miami 
mine, in unenriched metallized porphyry or 
protore. In general, as a transition zone 
between the thoroughly altered quartz-sericite- 
sulphide rook and the unaltered granite por- 
phyry, or as residual rounded kernels inclosed 
by intersecting veinlets, there is more or less 
soft crumbling porphyry in which the biotite 
is fairly fresh and the feldspars have been 




kaolinized. Where sericite and kaolinite occur 
together in this altered porphyry, the sericite 
is the yotmger mineral and has replaced the 
kaolinite after the manner shown in figure 24. 
ChryaocoUa.- — Hydrous silioatc of copper is 
abundant in the Miami district, particularly 
near the surface in areas of metallized porphyry. 
The vivid green and blue tints of the rocks 
exposed on the Captain claim of the Miami 
group, on the Keystone group, and on part of 
the Live Oak group are due chiefly to the 
presence of ohrysocolla, although tJie green 
is in part malachite. This general coloration 
is the effect produced by thin films of the 
mioeral along joint surfaces and by innimier- 
able small veinlets. In the past, before the 
value -of the disseminated deposits was recc^- 
nized, chrysocolJa was an important ore in 
the district, and veins of the mineral in por- 
phyry were worked on the Keystone and Live 
Oak groups. These veins did not extend to 
great depths and were evidently fissiues filled 
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BiALACHTTE AMD CHRYSOCOLLA. 



[a) Malachite, chrytocoIU, chalcedonr, and quuti, depoiited in the order named. Keystone tunnel, Miami diitrict 

{b) Malachite turrounded by a layer of translucent colored clialcedony of gem quality, succeeded in turn by a light- 
blue ctialky materlsJ nliich is chieBy a liydroui liHcate of copper. 

(() Veinlet of chalcocite almost completely alleied to chryaocolla and malachite. Prom the 270-foot level of the 
Capta,in workings of the MUmi mine. 

{J) Black and bluish-green chrysocolla, a replacement of dacite tuff. Geneia claim, Miami district. 
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directly with chryaocoUa during the general 
oxidation of the disseminated deposits. In 
other words they were not veins of sulphides 
oxidized in place to chrysocoUa. ChrysocoUa, 
probably also deposited directly as such, in 
dacite tuff, is the ore of the Warrior mine in 
Webster Gulch. 

Large quantities of this ore, consisting chiefly 
of a beautifully mottled black and green 
chrysocolla, have been shipped from the 
Warrior and the near-by Geneva mine. (See 
PI. XLVI, B.) Much of this ore is dark colored, 
owing to the presence of manganese oxide, 
and that of the Geneva especiaUy is of very 
striking appearance. It consists of kernels 
of black or dark olive-green chrysocoUa of 
very irregular shape embedded in lighter- 
colored varieties of the mineral, ranging in 
tint from a delicate turquoise-blue to a deep 
bottle-green, the whole ore having a resinous 
luster. These paler-tinted varieties are in 
places arranged in fine concentric bands about 
the dark kernels, and as they do not always 
completely fill the interstices between the 
kernels, the resulting cavities form little vugs, 
usually lined with pale-blue botryoidal chiyso- 
colla. Field relations show that this ore 
occurs as a replacement of dacite tuff, and a 
study of specimens indicates, that the dark 
kernels, which owe their depth of color to the 
presence of oxide of manganese, probably 
represent original glassy particles of dacite 
and possibly small schist fragments in the tuff. 
Traces of flow structure and of original partly 
crystalline texture can occasionally be de- 
tected, and residual flakes of biotite, such as 
occurs in the dacite, are not unconmion within 
the dark chrysocoUa. The present boxmdaries 
of the kernels are not, however, identical with 
those of the supposed original clastic particles. 
The latter have been roxmded and embayed 
in the process of ore deposition and in part 
replaced by the banded chrysocoUa, which 
apparently occupies in the main the place of 
the former fine interstitial material of the tuff. 

The chrysocoUa of the Live Oak and Key- 
stone workings varies in color from blue-green 
to sky-blue, and much of it is a robin's-egg 
blue. It is commonly associated with quartz, 
chalcedony, and in places a little malachite, 
and many of the aggregates of these minerals 
possess great beauty. (See PI. XLVI, A.) 
The quartz occurs in part as clear, sparkling 



drusy crusts lining vugs in the chrysocoUa and 
in part very intimately associated with the 
chrysocoUa in thin concentric layers. Between 
quartz with this chalcedonic habit and true 
chalcedony distinction can be made as a rule 
only by microscopic study. Both forms of 
silica are usuaUy present with the chrysocoUa 
and under the microscope show in part the 
same radiaUy fibrous structure. The quartz 
fibers are distinguishable by elongation paraUei 
with the axis of least elasticity. 

Under the microscope in thin section the 
chrysocoUa shows fiLne fibrous crystallization 
much like that of chalcedony. 'Die arrange- 
ment of these fibers is usuaUy radial, in con- 
centric shells, and in places spheruUtic. The 
spherules show weU-defijied dark crosses be- 
tween crossed nicols. The fibers vary much 
in double refraction, the interference colors 
ranging from gray through yeUow of the first 
order to yeUow of the second order. In places 
aU the fibers of one of the concentric shells of 
chrysocoUa have a higher double refraction 
than the fibers of an adjacent sheU. In other 
places the fibers of a single sheU show more 
briUiant colors at one end than at the other. 
The fibers are extremely fine and can not bo 
resolved with the highest power used with the 
ordinary petrographic microscope. Certain 
areas in the thin sections, which in ordinary 
Ught are indistinguishable from the rest of the 
section, show very feeble double refraction 
with crossed nicols and in places appear almost 
isotropic. Such material as a rule grades in- 
sensibly into the more highly refracting sub- 
stance of the sUde. 

Associated with the chrysocoUa of the Live 
Oak and Keystone workings is a beautiful hard 
translucent material ranging in color from 
robin's-egg blue through various light shades 
of greenish blue to apple-green. This material, 
of which very Uttle is now obtainable, has been 
cut as a gem imder the names chrysoprase, 
"blue chrysocoUa," ^ "keystoneite," etc., but, 
as Sterrett recognized, it is reaUy chalcedony 
colored by copper. (See PI. XLVI, C.) Much 
of the blue chalcedony contains brushes of 
malachite needles. 

In thin section, under the microscope, the 
blue chalcedony is nearly colorless. It is 

1 sterrett, D. B., PiecLoos stcnes: U. 8. Oeol. Survey Mineral Re- 
sooroes, 1907, pt. 2, pp. 802-«03, 1908; idem for 1900, pt. 2, pp. 756-187, 
1911. 
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dusted with small inclusions, too minute for 
mineralogic determination, which are not the 
cause of the color. That is probably to be 
explained as the result of a submicroscopic 
intergrowth or mixture of chalcedony and 
chrysocoUa. Microscopically the material, ex- 
cept for the included particles mentioned, 
appears to be homogeneous. Between crossed 
nicols the material shows sharply polygonal 
grains as much as 0.3 millimeter in diameter 
with obscure and shadowy radially fibrous 
structure. Such crystal structure aa the mass 
shows was probably developed in a silica gel, 
each polyhedron representing the development 
of crystallinity from a single center. The 
polyhedrons are spherulites faceted by mutual 
interference with one another's growth. 

The blue chalcedony, like the chrysocolla, 
occurs as veins or veinlets in granite porphyry. 
Some veinlets consist entirely of hard chal- 
cedony; in others the chalcedony is in isolated 
nodules inclosed in a soft white chalky material 
which, according to W. T. Schaller, of this 
Survey, is a hydrous silicate of copper that has 
different ratios from chrysocolla and probably 
represents a different and distinct mineral. 
The optical properties are very different from 
those given by Umpleby ^ for chrysocolla from 
Mackay, Idaho. A study of the minerals 
generally listed as chrysocoUa is in progress by 
Mr. Schaller, and it appears likely that he will 
find several distinct crystallized species, one 
of which is represented by the white chalky 
material from the Live Oak and Keystone 
workings. Much of the massive or amorphous 
chrysocolla proves to be not a definite mineral 
but mixtures of one or more hydrous copper 
silicates with different proportions of silica and 
water. 

The chrysocolla of the Miami district is 
clearly not all of one generation. It is not 
imcoimnon to find chrysocolla traversed by 
veinlets of the samje material. Probably the 
mineral is forming to-day in certain parts of 
the zone of oxidation. 

^ Umpleby, J. B., Geology and ore deposits of the Mackay region, 
Idaho: T7. 8. Oeol. Survey TtoL Paper 97, pp. ftl^S2, 1917. 



In 1912 there was noted in process of deposi- 
tion at many places in the Ray Central mine, 
on the walls and roofs of imused drifts, a vivid 
deep-blue deposit. The depositing agent was 
cold, clear water, probably seepage water from 
Mineral Creek or Copper Gulch. The deposit, 
to all appearances soUd, formed miniature 
pools and terraces with scalloped edges and 
fluted slopes, suggestive of the travertine or 
sinter deposits built on a much larger scale by 
certain hot springs. The material, however, 
proved to be soft and somewhat gelatinous 
and when squeezed in the hand gave up xnuch 
mechanically included water. 

A sample of the deposit was examined by 
Mr. Schaller, who found it to have approxi- 
mately the following composition: 

Approaoimate analysis of hydrous copper silicate. 

CuO 47.46 

SiO, 21.20 

HjO 28.05 

CaO 1.39 

AI3O,, MgO, etc Trace. 



98.10 



The deposit is thus essentially a hydrous 
copper silicate probably related to chrysocolla. 

The air-dried material is a light bluish-green 
crjrstalline powder. The crystals, which are 
extremely minute, are apparently prismatic 
with the axis of least elasticity parallel with 
the prism axis. Their birefringence is weak. 

The water depositing this material had no 
perceptible taste — a somewhat surprising fact 
in view of its evident activity in depositing 
copper. In 1914, although many changes had 
been made in the mine (now the No. 3 mine of 
the Ray Consolidated Copper Co.), some of the 
copper silicate was being deposited on the third 
level. A sample of the water was collected 
here and was analyzed in the Survey laboratory 
by R. C. Wells. The water reacted acid to 
phenolphthalein and alkaline to methyl-orange. 
The analysis stated in parts per million and in 
accordance with Palmer's classification' follows: 

s Palmer, Chase, The geochemlcal Int^pietatlon of water anElyses: 
U. 8. Qeol. Survey Boll. 479, 1011. 
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Analfftii o/toatarfroni the No. S mtn«, Bajf, Arix, 

[R. C. Wells, uuilyst. 1915.] 



Re^1i*1fff. 


Parts 
muUoa. 


Reactlcxn 

InmilU- 

gramaof 

bydrocen 

pw liter. 


Reaction 

equlTalenta 

adjusted 

bypro- 

portfonata 

reduction 

of bases. 


Reacting 

values in 

percent of 

total react- 

ing values. 


Reacting values of signifi- 
cant groups, in per cent. 


Classification. 


Na 

K 


65.4 
23.2 

205.6 

7.77 

11.9 

3.8 

1.2 

.3 

Trace. 

Trace. 

906.1 

32.0 

Trace. 

44.6 

43.6 


2.8449 
.5939 

10.2594 
6.3869 

.3748 
.1163 
.0437 
.0161 


2.8234 
.5894 

10. 1822 
6.3388 

.3720 
.1154 
.0434 
.0160 


6.89 
1.44 

24.86 
15.47 

.91 
.28 
.11 
.04 


Strong ^IkaUes. . .8^ 
Alkali earths ... 40.38 

Metals 1.84 

[strong acids — 48.21 

Weak acids 1.79 

(Pkobably ooUoidai) 

1 


^ 


Ca 

M« 

Cu 

Zn 

Mn 

Fe''' 

Ni 


^0^ \. /tW C6flt. 

^SJPrimary salinity 16.66 

*^v. )CSecondary salinity .... 79.76 
^«><y^Secondaiy alkalini^ . . .90 


H 








,/5^Tertiary alkalinity .... 2.68 


SO4 

CL. 


18.8469 
.9024 


1&8469 
.9024 


40.01 
2.20 


// 


NO, 


jy 


^t ^^1* ■ • • • • 

HCO, 

SiO, 


.7314 


.7314 


1.79 




■•'•^'i*"* " "" 












1, 415. 4 


ExceflB of 
baseeao 
0.1553. 


Bases » 
acids. 


100.00 





The numbered arrows indicate the way in which the different groups of radicles determine the character of the 
water in this classification and show also the order in which the groups in this particular anal3rBis are balanced against 
one another. 



The water is of low concentration, and its 
principal characteristic in terms of Palmer's 
classification is secondary salinity, or, in 
common parlance, permanent hardness. Of 
the interesting fact that the water carries and 
deposits copper that classification takes no 
account. Unqnestionahly of surface origin, 
the water probably has not traveled far from 
the place where it sank into the gpx)xmd. That 
so large a proportion of its dissolved matter 
should be the constituents of calcium and 
magnesium sulphates is rather difficult to 
account for on the supposition that these 
materials were extracted from the oxidized 
schist through which the water has percolated. 
Probably they were in large part gathered 
before the water began its underground journey. 
Through the kindness of Mr. W. S. Boyd, 



superintendent of mines for the Ray Consoli- 
dated Copper Co., I was supplied with a copy 
of an analysis of water from Mineral Creek, 
collected 6 miles above Ray. This analysis 
was made by Herman Harms, Utah State 
chemist, to determine the avaUabihty of the 
water as a source of domestic and general 
supply and was originally reported in grains 
per gallon of supposed salts present. It 
appears below recalculated in parts per million 
and classified in accordance with Palmer's 
scheme. The analjrsis is incomplete, potassa 
apparently being included with soda and other 
constituents being lumped together as fol- 
lows: ''Iron oxide and alumina," 0.058 (grains 
per gallon); "siliceous matter," 3.967; ''vola- 
tile and organic matter," 1,402; and "unde- 
termined and loss," 290. 
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Analyns of water from Mineral Creek, 6 mUes ahove Ray, Ariz, 



Radldes. 



Na 

Ca 

^ 

SO4 

CI 

HCO, 

Silica, alumina, etc 



Parts per 
mtllttm. 



16.80 
43.20 
13.83 
7.09 
16.04 
208.89 
97.86 



403.71 



Reacticm 
equivalents 
inmlUI- 
gramsof 
hydrogen 
piar liter. 



0.7308 
2.1557 
1. 1368 
.1476 
. 4523 
3.4258 



Reacting 
values in 

Knroentof 
tal react- 
ing values. 



9.1 

26.8 

14.1 

1.8 

5.6 

42.6 



Reacting values of signifl- 
cant groups in per cent. 



Classiflcation. 



Strong alkalies ... 9.1 
Alkali earths — 40.9 

Strong adds 7.4 

Weak acids 42.6 



100.0 




FgrcenL 

Primary salinitjr 14.8 

Primary alkalinity ... . 8.4 
Secondary alkalimty . . 8L8 

100.0 



This water is of low total salinity for the 
arid southwest and differs rather unexpectedly 
froux that collected in the Ray No. 3 mine. 
It is characterized chiefly by secondary alka- 
linity or temporary hardness, being essentially 
a calcium - magnesium bicarbonate water. 
Either the water of Mineral Creek changes 
considerably in chemical character in flowing 
6 miles or the water collected in the No. 3 
mine is not creek water merely modified by 
the addition of copper. 



ses of river waters from the southwestern 
United States, taken from Clarke's ''Data of 
geochemistry."* 

The Ray mine water contains more of the 
sulphate radicle and* less of the carbonate, 
chloride, and sodium radicles than most of 
the other waters represented by the analyses 
citedy but, except in its metal content, is not 
markedly different in character from the river 
waters. TBe Mineral Creek water, however, 
is shown to be so strikingly different as to 



Water analyses. 





1 


2 


3 


4 


5 


6 


7 

1.54 
43.73 
22.56 


8 


9 


10 


COa 


a 3. 16 

64.02 
2.26 

Trace. 

14.53 
5.49 
4.62 
1.64 
3.08 


«51. 74 
1.76 
3.97 

"'i6.'76* 
3.43 
4.16 

24. 24 


7.09 

25.49 

30.87 

.20 

11.06 

1.74 

20.83 

.67 

1 2.01 

J '.04' 


28.60 
12.48 
17.52 


11.55 
30.10 
21.65 


17.28 
31.33 
13.55 


13.02 
28.61 
19.92 


12.10 
16.07 
29.78 


9 61 


80. 


8 29 


CI 


41 56 


NO. 




^^^1 

Ca 


15.45 
5.14 

13.07 
1.50 
5.32 

} .92 


13.73 
3.03 

14.78 

.85 

3.83 

.48 


14.78 
2.05 

14.43 
1.95 

4.63 


13.43 

3.62 

14.02 

.77 

.33 


10.35 
3.14 

19.75 
2.17 
3.04 


""aos" 

2.52 

24.53 

2.31 

4.66 


7 15 


Mff 


2 69 


nI;;..:::.: 


26 38 


K 


1 38 


SiOo 


2 94 


ALO, 




Fe,0, 


*.02 

.84 

.27 

.08 

Trace. 








Cu 


V 






Zn 




















Mn 










• •*■•*•• 










Ni 




















H 


Trace. ^ 










































100.00 


100.00 


"100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


Salinity. parts per million. . 


1,415 


404 


1,136 


321 


791 


399 


2,384 


702 


1,023 


1,234 



aAsHCOs. 



ftAsFe 



tf t 



1. Ray No. 3 mine, Ray, Ariz. 

2. Mineral Creek, Ariz. 

3. Brazoe River, Tex. 

4. Colorado River, Tex. 



5. Rio Grande, Tex. 

6. Rio Grande, N. Mex. 

7. PecoB River, N. Mex. 

8. Colorado River, Ariz. 



9. Gila River, Ariz. 
10. Salt River, Ariz. 



In this connection the two analyses of water 
obtained near Ray, calculated in percentage 
of total solids in solution, are given in the 
accompanying table, together with eight analy- 



raise some doubt concerning the correctness 
of the analysis. It might be expected that 

1 Clarke, F. W., The data of geochemistry, 3d ed.: U. 8. Oeot. Sorvej 
Bull. 616, p. 82, 1916. 
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local surface waters in this arid region would 
contain more of the sulphate radicle and be 
generally more saline than the waters of the 
larger rivers, most of which have their head- 
waters in regions of more abundant precipita- 
tion; but here is a water that does not con- 
form to this expectation, possibly because a 
considerable part of the flow comes from the 
high and wooded Pinal Bange, where typically 
arid conditions can scarcely be said to prevail. 

The examination of the mine water indicates 
what; indeed, is strongly suggested by such 
occurrences as the chrysocoUa ores of the 
Black Warrior, Keystone, and Live Oak mines 
and the cementation of gravels and talus by 
chrysocolla in Copper Canyon and elsewhere 
in the two districts studied — that the ordinary 
surface water of the region can dissolve and 
transport considerable quantities of copper 
without being noticeably acid or ferruginous*. 

Mr. R. C. Wells has kindly supplied the 
following note on the chemistry of the depo- 
sition of copper by this water: 

Any explanation of the chemical changes involved in the 
depootion of the copper silicate will depend somewhat on 
the theory of solution used and on the view held regarding 
the chemical constitution of the copper silicate. 

A very simple explanation is that although silica is com- 
monly supposed to exist in natural waters in the colloidal 
state there is in fact always a very small proportion of 
it present as silicate ion which can unite the cupric ion to 
fonn cupric silicate. One can easily see that if silicic add 
is formed continuously from silica and water — ^thus, 

SiOa+HaO«HaSiO, 

the constant removal of silicate ion would leave the solu- 
tion acid. This acidity would doubtless be neutralized 
almost as fast as developed by reaction with carbonate 
minerals or alkali silicates. The action is, however, proba- 
bly not as simple as suggested. 

It is more probable Uiat the copper exists in solution as 
a basic ion, say GuOH'^ and the silicate as an acid ion, 
say HSiO,^, and the tendency for copper, which is a weak 
base, to exist in this form may account in part for the 
fact that the copper silicate is deposited as a hydrous 
compound. 

The conditions which govern the deposition of silica 
from aqueous solutions are little known. It seems reason- 
able to suppose that if the silica has resulted from the 
recent decomposition of a mineral the solution may for a 
short time be, so to speak, supersaturated with silica, which 
is soon deposited either in a colloidal form or by union 
with the basic constituent that is most nearly at the point 
of deposition. In the Ray mine water copper is clearly 
one of the weakest and most insoluble bases, although ferric 



iron is probably still weaker.' Progress toward stability 
would very naturally result, therefore, in the deposition 
of cupric hydroxide and silica together, or as a definite 
compound. 

As there appears to be a very small amount of bicarbonate 
in the water under discussion, it is evident that the acidity 
or alkalinity of the water might be affected by a loss or 
gain of carbon dioxide. This would produce the same sort 
of effects as more or less reaction with adjacent rocks, and 
it therefore appears unnecessary to discuss the matter more 
fuUy. 

Alunite. — ^Alunite, a hydrous sulphate of 
aluminum and potassium, is not known in the 
Miaini district and has been noted at only a few 
localities at Ray. Here it is associated with 
Assuring of comparatively late origin and is 
apparently a product of sulphate solutions from 
oxidizing sulphides. Its mode of occurrence 
thus resembles that in the Cripple Creek dis- 
trict ' rather than at Goldfield, where it is dis- 
persed as an abundant constituent through 
enormous masses of altered igneous rocks.' 

In the No. 1 mine, B. S. Butler, of this Sur^ 
vey, during a brief visit coDected a sample of 
white material from a small fissiu^ cut by one 
of the drifts. The part of the mine from which 
the specimen came was not recorded. Tests by 
W. T. SchaUer in the chemical laboratory of 
the Sxnvey proved the material to be alunite. 

In the No. 2 mine the mineral was noted in 
1912 in S. 42° W. drift on the 1925 level as 
compact snow-white nodules 6 inches or less in 
diameter in a zone of crushed schist. The 
alunite presiunably at one time formed a vein 
which was afterward broken up by movement 
in the shear zone. This part of the 1925 level 
is from 400 to 500 feet below the surface of 
Humboldt Hill. 

The presence of alunite in the Ray Central 
(now the No. 3) mine is mentioned by Probert.^ 

The mineral doubtless is present at other 
places in the Ray district and will probably be 
found at Miami. As a rule a chemical test is 
necessary to distinguish its earthy forms from 
kaolinite. 

1 Wells, R. C, The fractional predpttatloo at Mme oie-fomilzig oan^ 
pounds at moderate temperatores: U. 8. GeoL Survey Boll. 000^ p. 4fi^ 
191S. 

s Llnd^ren, Waldemar, and Ransome, F. 1*^ GeoloSY and gold d^ 
posits of the Cripple Creek district. Cola: U. 8. Geol. Sonrey FroL 
Paper 64, p. 12^ IffML 

* Ransome, F. L., The geology and ore deposits of Ooldfleld, Ner.: 
U. S. Geol. Survey Prof. Paper 06, pp. 129-133, 1900. 

« Probert, F. R., The Three R mine, Patagonia district, Arix.: llln. 
and fid. Press, voL 100, p. 173^ 1014. 



Chapter VIIL— Shape and Geologic Relations of the Ore Bodies. 



FORM AND dimensions. 

The bodies of disseminated ore in the Kay 
and Miami districts may be characterized in 
general terms as undulating, flat-lying masses 
of irregular horizontal outline and of variable 
thickness. As a rule these masses lack definite 
boundaries. No readily recognizable distinc- 
tion in color, texture, or general appearance 
marks them off sharply from the inclosing 
rock, and closely spaced sampling and assays 
prove that the passage from ore to country 
rock is in most places gradational. Conse- 
quently, to a greater degree than in most ore 
deposits of other types, the size and shape of 
the Kay and Miami bodies depend upon the 
local and current definition of ore. So far as it 
has been practicable to secure uniformity, the 
outlines o^ ore bodies as shown on maps and 
illustrations accompanying this report are 
based on a tenor, in all material classed as ore, 
of at least 1.5 per cent of copper in chemical 
combination with sulphur. Any change in 
this definition, such as lowering the required 
minimtun tenor or including carbonates and 
sihcates of copper as ore, would materially 
modify the outlines as given in the illustrations. 
The limit chosen is necessarily somewhat 
arbitrary and is not observed under all circmn- 
stances of actual mining. For example, under 
the stimulus of the high price for copper in 
1916 much material containing less than 1.5 
per cent of the metal as sulphide was drawn 
from the stopes and went to the mill as ore. 
In fact, in August of that year the feed in the 
Inspiration mill averaged 1.56 per cent of 
copper, of which only 1.17 was sulphide, while 
0.39 per cent was oxidized, probably for the 
most part silicate and carbonate. 

Like most condensed general characterizar 
tions, the preceding paragraph requires con- 
siderable qualification to make it an accurate 
statement ; for in a preliminary sweeping view 
many details essential to the completeness of 
the picture are necessarily for the moment 



overlooked. The statement, for example, 
that the passage from ore to country rock is 
gradational, though true in a broad way, is 
subject to many exceptions. As a rule the 
transition downward from the leached over- 
burden, or "capping," as it is locally termed, 
to the ore is less gradual and far more distinct 
than the transition from ore to protore. In 
some places, particularly in the Kay district, 
there is an abrupt change from the practically 
barren, rusty-brown "capping" to gray sul- 
phide ore. The same sharp contact between 
leached oxidized material and ore occurs at 
several places in the Miami district, but a 
study of all the available chum-drill records 
of this district shows that out of 191 holes 
which penetrated ore, 154, or about 80 per 
cent, passed through material containing car- 
bonates and silicates of copper, or mixed car- 
bonates, silicates, and sulphides, before reach- 
ing ore. This material may contain as much 
copper as the normal sulphide ore, but inas- 
much as it is not equally amenable to the same 
milling treatment, it is not at present classed 
as ore, or, if so classed, it is considered sepa- 
rately from the predominantly sulphide ore. 
Consequently, in records of such holes it is 
rarely possible to tell merely from the assays 
for total copper where the ore begins or ends. 
Account must be taken of the mineralogic 
character of the material and of the sulphide 
assays. Assay graphs of typical chum-drill 
holes showing the relation of ore to overlying 
and underlying material are presented in 
Plate XLVn and figure 25. Similar graphs 
have been discussed by Perry and Locke,^ 
chiefly with reference to practical application 
m plannmg drill exploration. Horizontal 
variations, as recorded by assays every 5 feet 
along drifts, are shown in Plate XLVili. 

In many places there is a very abrupt change 
from ore to thoroughly leached, oxidized rock 
containing scarcely a trace of copper, the 

i Perry, E. H., and Locke, Augustus, Interpretation of assay corns 
for drillholes: Am. Inst. Min. Eng. Trans., toI. 54, pp. 93^00, 1916^ 
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"boundary between the two 
1t>eiiig a gouge-filled fissure. 
Some of these fissures are 
plainly of later origm than 
th.e enrichment, and some 
iwere probably formed be- 
fore enrichment. Of the 
fissures formed after the 
enrichment some are asso- 
ciated with displacement; 
oxidized and leached ma- 
terial has been faulted 
against ore. Others have 
probably brought about the 
observed relation between 
ore and waste not so much 
by faulting as by directing 
the downward progress of 
oxidation in such a way 
that the ore on one side of 
the fissure was protected, 
while that on the other was 
converted to the so-called 
cap rock. Still a third 
group of fissures may have 
been formed before the en- 
richment and have influ- 
enced in the manner just 
indicated the enriching as 
well as the leaching and 
oxidizing processes. 

In some places, particu- 
larly in the ground of the 
Miami Copper Co., chryso- 
coUa and malachite occur 
vertically beneath the sul- 
phide ore complicating the 
interpretation of drill rec- 
ords as a means of ascer- 
taining the relations be- 
tween the ore and the 
imderlying protore. 

The general horizontal 
outlines of the ore bodies 
as they have been deter- 
mined by imderground ex- 
ploration are shown in 
Plates XXXI and XUX 
and in figures 6 and 26. 
The ore bodv that consti- 
tutes the eastern part of the 
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Miami-Inspiration zone, including the portions 
locally designated the Inspiration, Pinto, Cap- 
tain, Northwest (Miami), and Southeast 
(Miami) ore bodies, has a total length of about 
5,500 feet and a maximum width of 1,600 feet. 
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The greatest width in its irregular area is under 
the part of the ridge south of the Inspiration 
main shafta and between the Colorado and 
Scorpion shafts. Farther east, near the 
Joe Bush shaft, the ore ia places is only ntt 
200 feet wide. The Pinto ore body is ~ 

a lobe about 700 feet long and 300 
feet wide, that projects northwest from 
the Captain and Northwest ore bodies 
of the Miami mine. The main Miami 
ore body, including the Northwest and 
Southeast ore bodies, which are not 
really separate ore masses, is about 1,600 feet 
long and 1 ,000 feet wide. 

The ore body which constitutes that part of 
the Miami-Inspiration zone west of the Bulldog 
fault zone comprises the Keystone and Live 
Oak ore bodies, which are really continuous. 
It has a total length of at least 4,000 feet and 
B maximum width, in the Live Oak group, of 
about 1 ,900 feet. 

The dimensions given are approximate only. 
In some places, as already explained, the 
boundary between ore and country rock would 
be shifted considerably by a slight change in 
the percentage figure used in calculations as 
the lowest permissible copper content in mate- 
rial diat can be classed as ore. In other places 
exploration has not been sufficiently thorough 
to exclude the possibility of additions to the 
known ore 



The irregular variations in the thickness of 
the ore are brought out in Plates L and LI 
and figures 26, 27, and 28. 

The Ray ore body may range in thickness 
irom. 300 feet to 50 feet or less in a distance of 
200 to 300 feet, and the Inspiration ore body 
from 300 or 400 feet to practically nothing 
within a distance of 150 feet. The thickeo- 
portions of the ore bodies, as seen in section, 
may be convex below and concave above, 
double convex, or, more rarely, convex above 
and concave below. These variations bear no 
regular relation to the present topography and, 
so far as can be determined, are only in a 
few places due directly to faulting. The thick- 
ness of the ore body at any particular place 
bears no fixed proportion to its width, as is 
well shown in the sections across Inspiration 
Ridge in Plate XU. 

As a whole, the ore bodies in the Miami dis- 
trict are thicker than that at Ray. Mr. Henry 
Knunb, in his report to the Ray ConsoUdated 
Copper Co. in 1900, estimated the average 
thickness of the Ray ore body, as determined 



— acii2r.illied eul-wtet wMloa of ttw Saj art bod;, constrncted bf 
the tvilIsblOMCtlcaatf* strip olUie on bad; BOO hat wlda. Undi 
1 frcnn B dimwtnc pnpired hy Uw lU; Consolldatn] Copper Co. 

by chum drilling, at 100 feet. A later esti- 
mate by the engineers of the company gives an 
average of 120 feet of ore for the whole body 
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thickest paru of tlia 



as at present developed. The western lobe of 
the ore body is thicker than the eastern, so 
that although smaller in area it probably con- 
tains more than half the ore of the whole body. 
The maximum thickness of about 400 feet has 
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PLAN AND SECTIONS OF THE PRINCIPAL PORTIONS OF THE DISSEMINATED ORB BODIES OF THE MIAMI DISTRICT. 
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l>een found under Humboldt Hill, where there j 
approximately 1,000,000 tons of ore to the 
No general average for the Miami ore 
zone is avaUable, but a thickness of 410 feet is 
known under Inspiration Ridge, i orth of the 
Colorado shaft, and parts of the ore body in 
the Miami Copper Co.'s ground are as much as 
500 feet thick. In the Live Oak and Keystone 
divisions of the Inspiration Cionsolidated Cop- 
per Co/s ground the ore is generally thinner 
than under Inspiration Ridge. 

RELATIONS OF THE OBE BODIES TO THE 

SUBFACE. 

The depth to ore, or the thickness of the 
overburden, varies widely from place to place. 
This is particularly true in the Miami district, 
where, on the live Oak and Miami groimd, the 
leached rock is itself in places overlain by 
dacite or Gila conglomerate. 

In the Ray district the average thickness of 
the overburden on the groimd of the Ray 
Consolidated Copper Co. Ues between 200 and 
250 feet. The thickness ranges from about 
46 to 600 feet, although in very few places does 
the leached ground extend to depths greater 
than 600 feet. Drill hole 21 of the Arizona 
Hercules Copper Co., east of Mineral Creek, 
is reported to have gone down nearly 900 feet 
feet before reaching ore. Possibly other holes 
drilled on this ground during 1916 and 1916 
by the Ray Hercules Copper Co. have also pene- 
trated unusually thick overburden, but full 
particidars concerning the occurrence of ore 
in these holes are not available for publication. 
In the Miami district chalcocite ore lay only 
about 600 feet below the surface near the Joe 
Bush shaft. • On the other hand, some of the 
deep chum-drill holes on the Live Oak ground 
went through nearly 1,000 feet of rock before 
reaching the zone of chalcocite enrichment, and 
the Barney No. 1 hole, after penetrating 630 
feet of Gila conglomerate, 430 feet of dacite, 
and 40 feet of doubtful material, passed through 
200 feet of oxidized leached schist. In other 
words, at this place the schist is thoroughly 
oxidized^ at a depth of 1,300 feet. 

Partly in order to study the relation of the 
ore in the Miami district to the present surface 
the records of 333 chum-drill holes, including 
nearly all the holes completed prior to 1917 on 
the Miami Copper Co.'s ground and all save 



the Eleystone holes on the Inspiration Consoli- 
dated Copper Co.'s ground, have been^plotted 
graphically as Plate LI. The records have 
been arranged from left to right in the order of 
descending altitude of the tops of the holes, 
without any regard to a real position* liispeo- 
tion of the chart shows that the ore occurs at 
all depths within a range of about 1,100 feet 
and, except for this general limit, is not related 
in any regular way to the present topography. 
When holes in which the ore occurs at about 
the same elevation above sea level are grouped 
together it is found that the deepest and lowest 
ore occurs in the western part of the Live Oak 
ground, that there is a general rise to the 
northeast toward the Keystone ground, a 
drop eastward near the Colorado shaft of the 
Inspiration Co., and finally a descent toward 
the east in the Miami ground. These relations 
are more graphically brought out in the general* 
ized longitudinal section shown in Plate L. 

It will be observed that the lowest ore occurs 
in portions of the Miami district where the sur- 
face rocks consist in part of dacite and Oila 
conglomerate, a covering which it might be sup- 
posed would have tended to prevent the oxidar 
tion and enrichment of theunderlyingsillphides. 
This leads to the suggestion that the dacite and 
conglomerate were not present when most of 
the enrichment was effected, a suggestion which 
is supported by the fact that removal of these 
rocks would leave a surface according more 
nearly with the vertical distribution of the ore 
than the present surface. In other words, there 
is at least some indication that the principal 
enrichment took place before the eruption of 
the dacite. This hypo thesis will be more fully 
discussed later. 

RELATIONS OF THE GROUND WATESR TO THE 
SURFACE AND TO THE ORE BODIES. 

The general relations of the ground water to 
the present topographic surface and to the ore 
bodies in the Miami district are shown in 
Plate L. 

In utilizing churn-drill records it should be 
remembered that the observations recorded 
vrere made by men primarily interested in the 
presence or absence of ore, and that not all of 
what to them were incidental observations are 
of the same degree of accuracy. ' Moreover, as 
regards water level, only those records* are of 
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any yalue which relate to parts of the district 
not preyiously drained by mining operations. 
In the Miami district most of the drill holes on 
the live Oak and Inspiration divisions of the 
Inspiration Consolidated Copper Co.'s ground 
were put down in advance of deep mining in 
their vicinity, and their water records are be- 
lieved to be fairly trustworthy. Most of the 
holes of the Miami Cbpper Co., on the other 
hand| were drilled after mining operations 
were well advanced and show abnormally low 
water levels. There are probably few of them 
ia which the water has not been artificially 
lowered. 

In view of the labor involved in the compila- 
tion of this chart for the Miami district and 
the rather unsatisfactory character of the 
water record in the Ray district, it has not 
seemed advisable to attempt a similar pre- 
sentation for the latter district. 

If the surface of the Miami district were a 
regular, unaccidented slope and the rocks 
were uniformly permeable, then the line of 
first water for each drill hole as represented in 
the chart should lie on a curve of slightly less 
slope than the curve drawn through the tops 
of the holes when arranged, as in the chart, in 
the order of decreasing altitude. Evidently 
this correspondence between land surface 
and ground-water surface does not exist. 
The divergences are in part due to the fact 
that the district has a rather minutely diversi- 
fied surface, in consequence of which two drill 
holes near together, one on a ridge and one in 
a jravine, may reach water at nearly the same 
level above the sea but at depths differing by 
the height of the ridge above the bottom of the 
ravine. In part also they appear to be due to 
other causes, such as differences of permeability 
in the rocks. Two free-hand curves drawn to 
inclose aU the levels of first water shown on 
the chart, except those suspected of having 
been artificially lowered, would represent 
what may be termed the zone of first water. 
This zone as a whole corresponds roughly 
with the ideal condition of an underground 
water level sloping generally with the land 
surface but standing at greater depth under 
high groimd than under low groimd. A few 
holes in which the water was found imusually 
near the surface, as Live Oak holes 85 and 86 
(Nos. 171 and 268 on the chart), are situated 
in the bottoms of ravines that carry consider- 



able water after rains. Others with high 
water level, such as Miami hole 73 (No. 330 on 
the chart), probably tapped some very local 
accumulation of water held up by an impervi- 
ous rock layer or gouge seam. 

When the records are classified with reference 
to the elevation above sea level of the first 
water found, it appears that in general the water 
originally stood higl^est in the western part 
of the district and lowest in the eastern part. 
In other words, at the beginning of tnining 
operations the underground water surface 
sloped eastward toward the broad gravel-fiUed 
valley of Pinal Creek. An attempt was made 
to prepare from the drill records a contour map 
of the underground water surface, but the 
irregularities in the records, if not in the 
surface itself, proved too great to admit of 
this mode of graphic presentation. 

Reference to the chart (PI. LI) shows that 
there is no regular relation between the ore 
bodies and the ground-water surface beyond 
the fact that the ore as a rule lies deeper to 
the west, whereas the water surface gets deeper 
to the east. Ore may occur high above the 
water level, as in Inspiration hole 1108 (235 
on the chart), or hundreds of feet below it, as 
in live Oak holes 46 (134 on the chart) and 44 
(54 on the chart). This irregularity supports 
the suggestion offered on page 29 that the 
enrichment which produced the ore bodies was 
effected in the main before the development of 
the present topography. 

In one drill hole in the Miami district, the 
Barney No. •! , artesian water was f oimd. This 
hole, situated near the Barney shaft in the large 
area of Gila conglomerate in the western 
part of the district, went through 630 feet of 
conglomerate and then through 430 feet of 
dacite into about 40 feet of soft material, 
possibly dacite tuff. This is the water carrier, 
and the water was under sufficient head to 
flow out at the surface. The dacite flow in 
this locality apparently dips gently to the east, 
and the water was probably gathered in the 
higher country just west of the area shown in 
Plate XXXIX. 

LOWER LIMIT OP OXIDATION. 

It has been shown in the preceding sections 
that in the Miami district the lower limit 
of oxidation and the groimd-water surface, as 
it was at the beginning of mining, were far 
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from coincident. In the Ray district it is 
exceedingly difficult and perhaps impossible to 
get from the available ground-water data any 
definite conception of the ground-water surface 
when mining began; but apparently here also 
it was neither coincident with nor closely re- 
lated to the bottom of the oxidized zone, 
although the divei^ence was less striking than 
at Miami. It has also been shown that in 
general the layer of oxidized material above 
the ore is from 45 to 600 feet in the Ray district, 
the average thickness as calculated by this 
engineers of the Ray Consolidated Copper Co. 
being 252 feet.^ Not all of the overburden in 
the Miami district can be considered oxidized 
material, for, as has been shown, much of it in 
certain localities is dacite or Gila conglomerate, 
believed to have been laid down after most of 
the oxidation had been accomplished. Never- 
theless, if these yotmger rocks were disregarded 
the range and average thickness of the oxidized 
zone at Miami would probably still be greater 
than those of the similar material at Ray. 

In general, the bottom of the oxidized zone 
is a fairly definite but uneven and undulatory 
surface. If at any time in the history of the 
deposits this surface was coincident with a 
ground-water surface which stopped its gradual 
descent this coincidence is no longer evident. 
Oxidation appears to have been limited rather 
by the gradual exhaustion of oxygen from air 
and rain water as they penetrated downward 
through the rocks. Such being the case, oxida^ 
tion would extend deeper along certain favor- 
able channels than through the mass of the 
rock, and as such zones of easier penetration 
would rarely be vertical, there is Uttle diffi- 
culty in accounting ia this way for the occar 
sional observed occurrence of oxidized material 
directly beneath protore or enriched sulphide 
ore. The most conspicuous example of such a 
relationship is that in the Miami mine, described 
on page 163. 

RELATIONS TO KINDS OF COUNTRY ROCK. 

The rocks intimately associated with the 
disseminated ores are, in the Miami district, 
the Pinal schist and the Schultze granite por- 
phyry, and, in the Ray district, the same schist, 
the Granite Mountain variant of the quartz 
monzonite porphyry of the district, and diar 

1 Ray CoDaoUdftted Copper Co. Third Ann. Rept., for the year ending 
Dec 31, 1911, p. 10. 



base. By far the greater part of the ore in both 
districts is metallized schist, a relatively small 
part is metallized granite porphyry or quartz 
monzonite porphyry, and a very much smaller 
part, in the Ray district, none of which has yet 
been mined, appears from drill records to be in 
diabase. 

Evidently the relations existlog between the 
igkieous rocks and the ore may be of two kinds. 
These rocks are not merely to be regarded, like 
the schist, as material that has been in part 
converted to ore, but must be considered also as 
possible active agents, through the conse- 
quences of their intrusion, in the process of 
metallization. In dealing with them it is 
necessary to take account not only of their 
more or less passive or directive function as 
country rock but of their possible energetic 
participation in ore deposition. In the present 
chapter attention wiU be confined chiefly to 
observed relations. Discussion of the extent 
to which the igneous rocks may have con- 
tributed to the origin of the ores will come 
later. 

In the Miami district the ore in a general way 
occupies a marginal position with reference to 
the extreme northern lobe of the Schultze 
granite, the rock of this lobe, as described on 
page 108, being chiefly granite porphjrry. It 
does not follow the contact closely, however, 
nor is it entirely in one rock. 

The maiQ Miami ore body is chiefly in schist, 
although a granite porphyry dike which cuts 
the schist has, like that rock, been converted 
into ore. The Captain ore body and nearly 
all of the main Inspiration ore body ar^ in 
schist. The Keystone and Live Oak ore 
bodies are also in schist, but instead of lying 
near the margin of the granite porphyry they 
occxu: beneath an intrusive sheet of the por^ 
phyry, as described on page 110 and shown in 
Plate LI. Such comparatively thru and deep 
ore as has been found by drilling west and 
southwest of the live Oak ground is in schist 
and is apparently not very closely related to 
the granite porphjrry as exposed. 

In the Ray district the association of the ore 
with the porphyry, here a quartz monzonite 
porphyry, is less close than at Miami. A con- 
siderable part of the ore in the No. 1 mine; 
chiefly in the northeast part of the workings, 
is in the mass of quartz monzosite porphyry 
that is exposed at the surface between the No. 1 
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:]mi JjTQtt^'^bafts. i With, the exception of some 
uiiixigidiM/ porphyry, dikes^ mostly near Hum- 
«)>QL<i^ SiU^ 9JI of the ore body, worked in the 
Ifov:2:i]!uoe:i3 in schist^ as is also most of the 
orei>f-tib«rN4).:3 mine. By far the greater part, 
probably /Over 90 per cent, of the known ore in 
the Ray district is in schist. 

Expk>ratiQn by driUs of the Ray Hercules 
ground, however, shows that of the 3^000,000 
to 9,000,000 tons of ore estimated to be present 
by Mr. Frank H. Probert * over 75 per cent, 
according to Mr. Probert, '^ occurs in diabase 
and granite porphjny, mostly in the former,'' 

In both districts schist and porphyry have 
apparently been equally susceptible of metal- 
lization, and there is no essential difference 
between ore in schist and ore in porphyry. 
Closely spaced assays in drifts passing from 
schist into porphyry show no perceptible 
change at the contact. Where the contact is 
due to a fault, however, there may be an 
abrupt change in the character of the ore, just 
as there might be in passing across a fissure 
that is entirdy in schist or entirely in porphyry. 
It is the fissuring, not the kind of rock, that is 
responsible for the difference. 

It is a fair conclusion from the relations lust 
outlined that the parts of the porphyry masses 
now visible in the vicinity of the ore bodies 
were not sources of metallization but, like the 
schist, were themselves acted upon by metal- 
lizing solutions which must have had some 
more distant origin than any mass of rock now 
to be seen in the districts. 

In the Miami district diabase, so far as 
known, does not occur in close association 
with the disseminated ore. In the Ray dis- 
trict, on the other hand, while none of the ore 
of the Ray Consolidated Co.'s mines is known 
to occur in diabase, except possibly a very 
little close to the overlying schist, a consider- 
able part of the ore in the No. 1 and No. 3 
mines is underlain by diabase, and the ore just 
above that rock is. as a rule of better grade 
than the average. . . 

That the ore in the Ray district isy in certain 
places, limited on the west by diabase first 

1 Personal letter of Sept. 7, 1912. Mr. Probert 's statement is: "I 
figure that there are 3,200,000 tons of average grade 2.44 per cent actually 
proved by holes put down at the intersection of coordinates 200 feet 
apart; 3,800,000 tons of average grade 2.04 per cent as probable ore, and 
a further possibility to the south and east, not definitely proved, of 
approximately 2,00^000 tons averaging 1.9 per cent copper. This does 
not, of course, include any high-grade ore to be developed alcjng the major 
teilts croKliig the claims." 



;beoame evident in the Ray Central (No. 3) 
mine. In. that mine the diabase appeared on 
the second level from 200 to 350 feet west of 
the Maddine shaft or from 700 to 850 feet west 
of the No. 3 shaft. This diabase was after- 
ward more extensively exposed in the No. 2 
sublevel of the No. 1 mine, which was laid out 
to work the western and lower-grade part of 
the Ray Central ground and is an extension 
of the old second level of the Ray Central 
mine. The ore immediately above the dia- 
base on this sublevel is above the average 
grade, although not as rich as that worked in 
the No. 3 mine. On the third level of the Ray 
Central mine the contact, here trending nearly 
northeast^ was found to pass throu^ the 
Madeline shaft. On the foiurth level the con- 
tact, with nearly the same northeasterly trend, 
was found about halfway between the Made- 
line and No. 3 shafts. An east-west cross 
section through the Madeline shaft shows the 
diabase to have an apparent dip, in the plane 
of the section, of about 16^ E. The strike of 
the contact on the fourth level is nearly N. 
30^ E., and the true dip on this level is approxi- 
mately 4° more than the apparent dip in the 
east-west section, or 20°. Diabase also ap- 
peared in the eastern part of this mine, espe- 
cially on the fourth and lower levels. At the 
time of my last visit the relations of this diar 
base to the ore-bearing schist were less cleaf 
than those of the diabase to the west, the 
contact to the east of the ore body having 
been less thoroughly explored. On the fourth 
level this contact appeared to dip west, but on 
the fifth level the dip is apparently to the east 
at 70° to 80°. Drill holes east of the No. 3 
ore body show the top of the diabase to be 
from 1,703 to 1,905 feet above sea level, or to 
have a general elevation not very different 
from the top of the diabase just west of the 
No. 3 shaft. On the other hand, the deepest 
workings of the No. 3 mine show no diabase 
under the deepest part of the high-grade ore 
body, the ore on the sixth level grading down- 
ward into unenriched schist. These relations 
are shown in part in the section (fig. 29) along 
the 2 North line of the Ray Central coordinates, 
very kindly supplied by Mr. Thornton, chief 
engineer for the Ray Consolidated Copper Co. 
They suggest that the diabase sill shown in the 
figure as dipping gently east under the ore is 
faulted and that the deepest ore of the No. 3 
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mine lies in a nearly north-south trou^ formed 
hj the dropping down of a fault block along the 
bottom of a gentle diabase sjncline. On the 
west, it will be otwerved, the ore rests directly 
on the diabase. On the east, on the other 
hand, there is in most places about 50 feet of 
uaenriched schist between the ore body and 
the diabase. 

Comparatively recent work in the No. 1 
mine south of the former Ray Central ground 
has shown that the diabase west of the ore 
body extends southward and limits on the 
west a considerable part of the ore body 
worked in the No. 1 mine. This diabase is 
cut in a number of places on the 1970 and 
second levels, and on the second level it is 
penetrated by the long drift that rims north- 
west toward the Pearl Handle shaft. It has 



As the diabase does not come to the surface 
and has been only partly explored undei^round, 
the shape and extent of the sheet are very 
imperfectly known. Apparently, however, its 
upper limit is somewhere oast of the Pearl 
Handle shaft and it does not extend over the 
part of the ore body worked southwest of that 
shaft. 

The chief function of the diabase in conneo- 
tion with the origin of the ore appears to have 
been the direction and retention of descend- 
ing cupriferous solutions by the gouge seams 
commonly present at and near its upper sur- 
face. That the diabase probably performed 
this fimction is indicated by the fact that in 
the development of the Ray Central workings 
this contact proved a troublesome source of 
water. According to Mr. Probert streams as 




been penetrated also on the third level, where 
the sheet has a dip of about 20° E. The sec- 
ond level goes through some 250 feet of dia- 
base, and the third level through about 550 
feet. The greater distance on the third level 
is apparently due chiefly to a lower dip on that 
level, although perhaps partly to a greater 
thickness of diabase. The average thickness 
of the sheet between the second and third 
levels appears to bo about 125 feet. 

The sheet of diabase has been described as 
limiting parts of the ore body on the west. 
This limitation, however, is local, for, as may 
be seen from Plate XXXVII, the ore in the 
vicinity of the Pearl Handle shaft lies west of 
the diabase. The diabase itself is practically 
barren, and so is the schist directly beneath it. 



large as a man's arm issued in some places 
from the diabase and the overlying schist. 

STRUCrnRAL EFFECTS OF FAULTING. 

The generally uniform character of the 
rocks in which the ore occurs and the absence 
of beds or similar structural units of pro- 
nounced individuaUty that might by their evi- 
dent dislocation register the amount of dis- 
placement along each fissure render it diffi- 
cult to ascertain the extent to which faulting 
has determined the shapes of the ore masses. 
Fissures in the ore are numerous, and many of 
thehi contain sufficient gouge to suggest ex- 
tensive displacement. Some of these, how- 
ever, appear to have less persistence along 
their strike than would be expected were they 
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coincident with faults of large displacement: 
and it is difficult to avoid the conclusion that 
gouge seams a foot or more in thickness may 
he the result of movements, probably not eil 
in the same direction, whose net displacement 
may be less than 50 feet. Some of the more 
conspicuous fissures that have affected the 
ore bodies, particularly those cut in under- 
ground workings, wiU now be described. 

FAULTS SZPOSSD IN THE MIAMI MIKE. 

The Miami fault affects conspicuously the 
surface distribution of the rocks in the Miami 
district and has been fully described in the 
chapter on the local geology (pp. 112-114). As 
there shown, it definitely limits the Miami ore 
body on the southeast, although, as a rule, 
the ore instead of extending quite to the main 
gouge seam stops at one of the many sub- 
sidiary fissures in the footwall of the principal 
fissure. 

A part of the movement along the Miami 
faidt fissure — it is believed the greater part — 
has taken place since the major concentration of 
the ore by enrichment. Consequently it is 
highly desirable, in view of the probable ex- 
istence of ore to the east of it, beneath the 
conglomerate and perhaps beneath dacite also, 
that the direction of movement along this 
fault, as well as its throw, should be known. 
Indeed, for practical purposes the direction is 
more important than the amount of throw, 
for after a drill hole has been put down 
through 2,000 feet or more of conglomerate, 
miscalculation as to the depth of the ore is 
less vital and more easily rectified than the 
mistake of boring in the wrong locality. 
Unfortunately no means have yet been dis- 
covered to determine whether the slip of the 
fault has been straight down the dip or 
whether there has been a large lateral move- 
ment to the northeast or southwest. The 
prospector is more or less in the dark whether 
to drill east of the fault, in the line of pro- 
longation of the Miami-Inspiration ore bow, or 
whether to try his fortune a considerable dis- 
tance north or south of that line. 

Another fault or fault zone, not recognized 
on the surface, limits in part the ore body on 
its northeast side. This fault strikes about 
N. 48*^ W., and its source is thus nearly at 
right angles with that of the Miami fault. The 
fault can not be satisfactorily studied, for 



wherever drifts penetrate it the work as a rule 
is stopped, and masses of tough gouge soon 
fall into the drift and block access to the face, 
or, if the drift is carried through the fault 
zone, close lagging is necessary and inspection 
of the faidt is thereby prevented. Such indi- 
vidual gouge seams as could be seen generally 
dip to the northeast, but the position of the 
faidt on the different levels indicates that on 
the whole the zone of fissuring is nearly verti- 
cal. On the 345 and 370 levels this fault zone 
limits the ore sharply, the ground northeast of 
the fissure being rusty leached ' 'capping." 
What appears to be the same faidt zone is 
found also on the 420 level, but here some ore 
occurs northeast of it. This ore in turn is cut 
off by a nearly parallel fissure about 300 feet 
northeast of the first. Apparently in this part 
of the mine the barren leached material is 
stepped down to the northeast by two or 
more faidts, very much as has been described 
on page 1 14, for the Miami fault. In conse- 
quence of this structure, a fault which on an 
upper level cuts off the ore and seems to have 
considerable structural and economic impor- 
tance may on a lower level appear merely as 
an apparently insignificant fissure within the 
ore body. 

A fissure containing abundant gouge, in 
places 4 feet thick and apparently rather more 
persistent than most fissures that traverse the 
ore body, is exposed at many places on the 
345, 370, and 420 levels. It has a curved strike, 
concave to the northeast, and is shown just 
east of the No. 2 shaft in Plate XXXII. The 
displacement along this fissure has not been 
ascertained, and, so far as known, the fault 
has had little or no influence in determining 
the shape of the ore body. 

There are a considerable number of fissures 
in the ground bet^<(een the main Miami ore 
body and the Captain ore body. Most of 
them strike nearly northwest and dip north- 
east. In some places they separate ore in 
schist on the northeast from imenriched 
granite porphyry on the southwest. It has 
not proved practicable to trace individual fis- 
sures of this zone for great distances or to 
ascertain the displacement effected by any 
one of them. Along most of them the down- 
throw is apparently to the northeast, and they 
appear to belong to a northwesterly faidt zone 
that has dropped the ore and overlying oxi- 
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dized material of the Pinto and Miami ore 
bodies below the level of corresponding mate- 
rials in the Captain groimd. The fault zone 
appears from its position on the 320, 345, 370, 
and 420 levels to dip 40*^-45*' NE. The 
throw is probably from 250 to 300 feet but 
has not been accurately determined. 

This fault is approximately in line with 
the Pinto fault, shown in Plate XXXITC, be- 
tween schist and dacite just northeast of 
Inspiration, and may be identical with it. 
Probably also it coincides at the surface with 
the northeast contact of the strip of porphyry 
between the No. 1 and No. 2 shafts of the 
Miami mine shown as a fault on Plate XXXIX. 
Apparently the Pinto fault is offset by a 
younger fault north of the Joe Bush shaft, 
but the surface exposiures do not afford alto- 
gether satisfactory proof of this relation. 

The Captain ore body on the 80, 135, 190, 
270, 345, and 370 levels is limited on its east 
side, at least in part, by a zone of fissuring 
which as a whole strikes nearly north but is 
curved with the concavity to the east. The 
individual fissures have considerable divei^ 
sity of dip, but the general dip of the zone is 
west and appears to average from 70*^ to 75®. 
The dominant fissiu*e of the zone at any par- 
ticular place generally shows from a few 
inches to a foot of tough gray gouge. The 
direction and amount of throw on this fault 
zone are not known, but apparently the 
movement was normal, the coimtry on the 
west of the fissiure having gone down relatively 
to that on the east. 

FAULTS EXPOSED IN THE INSFDLATION MINS. 

In the Inspiration mine the only faults 
that are known to have been effective in 
determining the shape or extent of the ore 
body are the Joe Bush and Bulldog faults. 
These have been described on page 114. 
Numerous other fissiures have been cut in 
the underground workings, some of which are 
locally conspicuous and contain thick seams of 
gouge. It has not proved practicable, how- 
ever, to trace these for any great distance or 
to ascertain what effect they may have on 
the form or structural relations of the ore 
body. 

Drifts in the Inspiration mine that extend 
west of a line drawn north from the Colorado 
shaft pass into ground that is greatly distiurbed 



and is traversed by fissures containing much 
gouge. These gouge seams dip generally at 
rather low angles to the east and are probably 
a part of the Bulldog fault zone. If so, their 
position on these levels with reference to the 
outcrop of the fault zone indicates a general 
easterly dip of about 33^ for the fault zone 
as a whole. 

On Plate XXXIX is shown a fault that 
crosses Webster Gulch near Inspiration and 
drops dacite against schist. This fault, 
locally known as the Piato fault, is thought 
by some to account for the greater depth of 
the ore in the Pinto lobe as compared with 
the main Inspiration ore body. This is pos- 
sible, but so Uttle imdergroimd work has 
yet been done on the Pinto ore body that 
the supposed effect lacks complete demon- 
stration. As previously pointed out, the 
Pinto fault may be the same as the fault 
between the No. 1 and No. 2 shafts of the 
Miami mine. 

FAULTS SZPOSXI) IN THE KEYSTONE lONE. 

The Keystone exploratory workings as 
seen in 1912 showed few steeply inclined 
fissures but many nearly horizontal ones 
dipping in various directions. Most of those 
seen are of imeven undulatory character, 
and many contain thick seams of gouge. 
Similar low-angjLe, rolUng fault fissures were 
noted in the Mercer and Woodson tunnels 
and appear to be particularly characteristic 
of the ground just west of or in the footwall 
of the Bulldog fault zone. 

FAULTS EXPOSED IN THE UVX OAK MINS. 

The complex faulting as exposed at the 
surface near the Live Oak mine has been 
described on page 115. At the time of my 
last visit underground work in this mine 
had not progressed far enough to throw any 
additional light on this slaiicture. It will 
probably be found that the shape of the ore 
body is modified considerably by faults, and 
possibly the ore, instead of dipping rather 
regularly to the southwest, as shown in sec* 
tions constructed from drill records, is in 
reality stepped down by faulting. 

AGE OF FAULTS IN THE MIAMI DISTBICT. 

Probably along very few of the faults in 
this district has the total displacement been 
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effected instantaneously or by a single con- 
tinuous movement. Much more commonly 
the movement took place slowly and extended 
over a long period of time or proceeded by a 
series of jumps separated by intervals of rest. 
Between these two kinds of movement the 
faults, could we watch their development, 
would' probably show a complete series of 
gradation. The movement along a fault 
fissure, moreover, may change in kind as well 
as in rate. At any one place it may take a 
new direction or even be reversed. Such being 
the conditions, striae are likely to record only 
the very latest movement, although of course 
large grooves or corrugations in the solid 
rock walk of a fissure may act as a sort of 
rifling and force subsequent movement into 
the initial direction. In view of these con- 
siderations, it can readily be seen that al- 
though it may be possible to show that some 
movement along a fault has taken place at a 
time determinable with reference to certain 
other geologic events, it is rarely possible to 
learn from a study of the fissure whether this 
movement corresponds to the whole of the 
displacement or to ascertain when faulting 
began. 

No evidence has been found to indicate that 
any of the faults exposed in the Miami district 
are older than the original or hypogene metal- 
lization. Some of them may have been in 
existence before enrichment began; but this, if 
a fact, is exceedingly difficult to establish, 
for while it is believed, as is more fully set 
forth on page 173, that most of the supergene 
enrichment took place before the development 
of the existing topography, the process in all 
probability has been going on at a lessened 
rate to the present day. Consequently a 
fault may be earlier than some enrichment and 
yet be later than most of it. That most of the 
faults are later than the beginning of enrich- 
ment is indicated pretty clearly by the occur- 
rence in their gouges of roimded fragments 
of chalcocitic ore and of crushed, oxidized 
material evidently derived from the leached 
rock that overlies the ore. The Miami fault 
and some of those near the Live Oak mine cut 
dacite and Gila con^omerate — rocks which, 
as elsewhere shown, are probably younger 
than most of the enrichment. 



FAULTS XZPOSXD IN THE BAY XDffXS. 

The schist in the metallized area at Ray 
shows, at the surface, abundant small fault 
breccias, many of which are rusty and so well 
indurated as to be nearly as hard as the neigh- 
boring schist. Only two breccia zones, those 
of the Sun and Sharkey faults (see PL XLV), 
can be traced with confidence for any consid- 
erable distance. 

In the mine workings gouge-filled fissures 
are fairly abundant, but no means have been 
discovered for determining the kind and amount 
of displacement along any one of them, and 
from a practical point of view any effect 
these fissures may have had in determining 
the present shape of the ore bodies appears to 
be negligible. Most of them are probably 
younger than at least the hypogene metalliza- 
tion, but may have had some influence in 
directing the course of the generally down- 
ward-moving solutions that effected the en- 
richment. 

The Sharkey fault (PL XLV) crosses the 
area of metallized schist in a general north- 
westerly direction. It probably coincides with 
a zone of fissuring in the saddle of Emperor 
Hill but has not been definitely traced south 
of Copper Canyon, and is not well exposed on 
Emperor Hill save in the saddle mentioned. 
East of Humboldt Hill the fault ia marked by a 
fairly strong outcrop of rusty breccia and hard 
gouge. The main fissuring appears to run 
through the saddle southwest of the Sharkey 
shaft, as shown in Plate XLV, and to continue 
on toward the Flux shaft. The schist in this 
vicinity, however, is so disturbed and altered 
and so cut by minor faults as to obscure the 
course of the main fissure. The dip of the 
fault is not evident at the surface, and the 
fissure zone has not been satisfactorily identi- 
fied underground. Prom its apparent position 
on the 1925 level the fault fissure supposedly 
dips northeast at a somewhat greater angle 
than the Sun fault. 

The gouge of the Sun fault is, as a rule, so 
well indurated as to form a fairly hard rock, 
specimens from which can be knocked off with 
the hammer and trimmed in the usual maimer 
for rocks. In places it consists chiefly of frag- 
ments and fine detritus of schist. In other 
places the gouge material is chiefly crushed 
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und decomposed granite porphyry. Some of 
it contains abundant small grains of pyrite 
superficially altered to chalcocite. These ap- 
pear to have formed and to have been en- 
riched in their present positions. In places 
the fault zone comprises a number of seams of 
this indurated gouge separated by slabs of 
schist. Similar nearly parallel seams of hard 
gouge also occur in the schist at considerable 
distances from the main zone. 

The characteristics of the Sun fault zone 
indicate that it is older than the fissures con- 
taining soft gouge that are exposed in the 
No. 1 mine. It shows no signs of recent move- 
ment and probably antedates the major en- 
richment of the ore bodies and possibly also 
the hypogene metallization. 

As a rule the ore in and near the Sim fault 
zone is a little richer in copper than the average , 
ore of the mine, but the difference is not very 
marked and the fault does not appear to have 
had much influence in determining the shape 
of the ore body. The ore shows no particular 
tendency to extend out along the fault. 

On the levels now opened in the No. 2 mine 
the Sharkey fault is chiefly in oxidized, leached 
ground, and little information concerning 
the relations to the ore of this fissure, or, 
more probably, zone of fissuring, could be 
obtained. 



FAULTS IN THE RAT HXBCULSS GBOUND. 

The fault east of Ray, described on page 129, 
which brings diabase and dacite on its north- 
east side against schist and granite porphyry 
on its southwest side, apparently has dropped 
the part of the ore body lying east of it from 
350 to 400 feet lower than the ore to the west. 
Too little, however, is as yet known of this 
ground to permit any detailed description of 
the relations below the surface. The displace- 
ment along this fault apparently took place 
after the period of principal enrichment, and 
such ore as may be present east of the fissure 
undoubtedly lies deep, as shown by the fact 
that most of the drill holes in that part of the 
area range from 700 to 1,150 feet in depth. 

RELATION OF HTPOGENB METALLIZATION TO 

FAULTING. 

In neither the Ray nor the Miami district 
does the hypogene metallization appear to 
have followed regular or systematic zones of 
fissuring. Some general disturbance and frac- 
turing of the whole rock mass there undoubt- 
edly was, and the many small irregular fissures 
that resulted were afterward filled with quartz 
and pyrite and, in much smaller amount, 
chalcopyrite and molybdenite. These fillings, 
however, are what are commonly referred to 
as stringers or veinlets rather than veins and 
have little individual persistency. 



Chapter IX.— Protore, Ore, and Capping. 



DEFINITIONS. 

That the ore bodies of the Ray and Miami 
districts were formed by a process of emich- 
ment acting upon material that originally 
contained but very little copper is generally 
recognized. This material is commonly 
referred to as ''primary ore/' but of course 
it is not ore at all in the true sense of that 
word, nor is most of it likely to become ore 
by any improvements in mining and milling 
that can at present be foreseen. To desig- 
nate this primitive ore stuff concisely and 
accurately, without using ''ore" in an unde- 
sirably loose sense, apparently requires a 
new term, and the word *' protore'' (first or 
primitive ore) has been suggested ^ as likely 
to be a serviceable substitute for the unsatis- 
factory and periphrastic expressions that have 
hitherto been current. 

Obviously, the derivation of this term 
momentarily ignores the distinction which 
is aimed at. This inconsistency, however, 
does not appear to be important so long as 
the result is a convenient word which sug- 
gests but can not be confounded with "ore." 
"Protore" by definition, then, is used in 
connection with ore bodies due to sulphide 
enrichment, to designate the metallized rock 
or vein substance which is too low in tenor to 
be classed as ore but which would have been 
converted into ore had the enriching process 
been carried far enough.' This frees the ex- 
pression "primary ore" for its proper appli- 
cation to unenriched material that can be 
profitably mined. The term "protore" is 
intended to apply also to the material which 
has been converted into ore by enrichment 
and which therefore no longer exists. It 
might be objected that this material was 
perhaps different from the pyritized rock 
underneath the present ore bodies, containing 
possibly more chalcopyrite, and that it became 

» Ransome, F. L., Eoon. OeoloKj, toI. 8, p. 721, 1913. 

* The use of the term is not neoessarUy restricted to rock that contains 
sulphides. Bee Emmons, W. H., The enrichment of ore deposits: U . 8. 
QeoL Surrey Bull. 626, p. 68, 1917. 
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ore because of that original difference. To 
some extent and in certain places this may 
be true, but refinement of terminology may 
be carried so far as to be a hindrance rather 
than a help in the communication of ideas, 
and such, it is believed, would be the result 
if a second new term were introduced to 
express this possible rather than demon- 
strable distinction. 

It will be observed, moreover, that "pro- 
tore" as here defined does not exclude mate- 
rial that may have undergone incipient enrich- 
ment. As a matter of fact, it has proved 
unexpectedly difficult in the mines at Ray and 
Miami to obtain samples of metallized rock 
that are entirely free from enrichment. Most 
of the so-called primary ore, when closely 
examined, shows the presence of some chalco- 
cite, usually as thin films on crystals of pyrite. 
To distinguish by a separate name such 
material from the wholly unmodified protore 
into which it grades would probably also be 
an unnecessary refinement. 

In practice it will be sufficiently accurate 
under present economic conditions to refer 
to rock carrying less than 1.3 per cent of copper 
as protore, while that containing 1.3 per cent 
or more of copper will be classed as ore. 
Such usage will class with the protore some 
considerably enriched material, but this will 
be a small quantity compared to the total 
bulk of the unenriched rock. The limit 
here set is not inconsistent with the fact 
that some material of lower grade goes to the 
mills, for in mining by a caving system ore 
is to some extent mixed with waste. The 
limit, moreover, is not the same in all mines, 
some calculations of tonnage being based on 
1.5 per cent as the lower limit of ore — a figure 
which is used in many places in this report. 
It also shifts with changes in the price of 
copper when these exceed the ordinary fluc- 
tuations and maintain their departure from 
the normal over any considerable time. 

The choice of the word "capping" to 
designate the leached, practically barren over- 






PROTORE, ORE, AND CAPPIKG. 



157 



burden is simply an adoption of local usage. 
The term is not ideal, but it does not appear 
so objectionable as to make the coining of a 
new word necessary or desirable. 

COPPER CONTENT OF PROTORE. 

The average copper content of the wholly 
unenriched protore is susceptible only of a 
rough determination from the data available. 
The record of any drill hole that goes through 
an ore body into protore usually includes a 
statement of the lowest point at which chal- 
cocite was found in the drill sludge. At or 
near this point there is, as a rule, a marked 
drop in the assays, which continue imiformly 
low to the bottom of the hole. When, however, 
the attempt is made to separate the assays 
representing protore from all others, xmcer- 
tainties at once arise. The passage from ore 
to protore may be gradual, and assays showing 
more copper than is apparently normal for 
protore may continue for some distance below 
the recorded disappearance of chalcocite. The 
protore, moreover, is not uniform in tenor 
and in places contains enough chalcopyrite 
to make it nearly or quite of ore grade. Conse- 
quently, when in a drill record a few compara- 
tively high assays appear in material that is 
chiefly protore, it is not always possible to 
determine from the record whether the high 
assays represent slight local enrichment or 
unusually high-grade protore. In many drill 
records the assays continue to show below 
the point where chalcocite is reported as having 
disappeared, a general decrease in copper 
downward to some point below which they 
remain fairly constant. This may mean alight 
enrichment below the last chalcocite recog- 
nized by the drill sampler, it may mean the 
carrying down of chalcocite from above in 
the sludge, or it may mean that the protore at 
this place originally graded downward from 
higher-grade into lower-grade material. 

As a whole, the protore of the Miami dis- 
trict appears to be richer in copper than that 
of the Ray district, and the protore under the 
main ore body of the Miami mine contains 
decidedly more copper than most of the protore 
that has not been converted by enrichment into 
ore. 

The average of 126 assays of diamond-drill 
cores from material under tlie Miami ore body, 
which according to the records of the Miami 



Copper Co. showed no chalcocite, is 1.18 per 
cent of copper. The average of 57 assays of 
what appeared to be typical protore under the 
Ray ore body gave 0.50 per cent, and of 34 
assays of similar material under the live Oak 
ore body 0.39 per cent. The average of 204 
assays from drill records, chiefly of material 
imder the Captain ore body of the Miami Co., 
is 0.58 per cent, and of 215 assays from the 
records of chum-drill holes on Miami prop- 
erty but for the most part outside of the area 
of the principal ore bodies, 0.69 per cent. 

Owing to the fact that when a chum-drill 
hole is put down through ore into protore, 
more or less chalcocite is carried down as 
sludge from the ore above, the first few assays 
of the protore are likely to be a Uttle high. 
Spurr and Cox, in their report to the Ray 
ConsoUdated Copper Co., basing their results 
on the data from nine drill records, give the 
average assay for protore as 0.32 per cent of 
copper. They deduct from this 10 per cent 
as an allowance for extraneous chalcocite from 
the upper parts of the holes, giving 0.29 per 
cent of copper as the true average for Ray 
protore. This probably is a little low. An 
examination of all the Ray ConsoUdated Co.'s 
drill records leads to the conclusion that below 
the point where the copper shows any progres- 
sive decrease, and presimiably therefore below 
any natural or artificial enrichment, the protore 
averages from 0.4 to 0.5 per cent of copper. 
Unenriched diabase at Ray generally contains 
considerable visible chalcopyrite, and appears 
to be on the whole richer in copper than the 
schist protore. To test this apparent fact six 
samples of diabase showing no evidence of 
enrichment and taken from places in the No. 1 
mine below the ore body were assayed by 
Mr. W. S. Osbom, the chemist of the Ray 
ConsoUdated Copper Co., with the results 
shown below: 

Assays of diabase protore at Ray. 



Ixxsallty In No. 1 mine. 



Percent 
of copper. 



1970 west level, N. 11 W 

1970weBtlevel, N. 12W 

Second (1917.7) level, main drift, 10 W 

Second (1917.7) level, main drift, 12J W 

Second (1917.7) level, main drift, 1} S. 500 W 
Thiid (1773) level, 3i N. 6 W 

Average 



0.9 
.9 
.7 
.6 
.8 

1.0 



.8 
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Itero seems to be no reason why such mate- 
rial, if favorably situated with respect to de- 
scending solutions, should not be enriched and 
converted into excellent ore. That it has not 
been changed to ore in the ground opened 
by the No. 1 and No. 3 mines appears to be 
due to its position with reference to the sur- 
face and to the presence of gouge at its upper 
contact with the schist, which prevented free 
descent of copper-bearing waters. 

The protore at both Bay and Miami may be 
metallized schist or metallized granite por- 
phyry, but in both districts the metallized 
schist is by far the more abundant variety 
and wiU be first described. 

SCHIST PROTORE. 

The metallized schist does not differ con- 
spicuously in appearance from the normal Pinal 
schist. On the whole it is perhaps a little 
lighter in color, and none of it has the bluish 
tint that is exhibited by some varieties of this 
rock at a distance from the ore bodies. The 
features that especially distinguish it are the 
innumerable veinlets, carrying quartz and 
pyrite, that traverse the rock in all directions, 
the presence of pyrite disseminated rather gen- 
erally through the mass of the schist, and con- 
sequently a prevalent rusty hue on weathered 
surfaces. A few of the quartz-pyrite stringers 
attain a width of 6 inches or more, but as a 
rule they are smaller and range from mere 
films, scarcely visible to the unaided eye, up to 
little veinlets a quarter of an inch wide. 
These veinlets have no regularity of arrange- 
ment but rim in all directions with little or no 
regard to the planes of schistosity. 

Pyrite is by far the most abundant and 
widespread sulphide of the protore but is gen- 
erally accompanied by a little chalcopyrite 
and in some places by molybdenite. 

In many samples microscopic examination of 
the concentrates panned from the crushed 
material shows more or less chalcocite, usually 
in very thin dark films on the pyrite. That 
the black material is chalcocite may be clearly 
shown by making iisc of the reaction between 
that mineral and a dilute solution of silver 
sulphate described by Palmer and Bastin.^ 
If a particle of pyrite showing some of the black 
coating is placed under the microscope and 
covered by a drop of the silver solution, 

1 Palmer, Cbase, and Bastin, £. S., Metallic mlnenls as predpitants 
of silver and gold: Econ. OeoLogy, vol. 8, p. 146, 1913. 



metallic silver is reduced at once and delicate 
feathery crystals of silver may be seen sprout- 
ing out from the chalcocite surface, while .the 
solution becomes tinted with copper sulphate. 

The chalcopyrite is important, for from the 
destruction of this mineral probably came 
nearly all the copper in the present ore bodies, 
although doubtless some was derived from 
apparently homogeneous pyrite. As a rule, 
however, chalcopyrite is present in surprisingly 
small quantity, and in much of the protore 
chalcocite is the only cupriferous , mineral 
recognizable. It becomes necessary to con- 
clude that much of the protore, before any 
enrichment whatever took place, contained 
exceedingly little copper, certainly less than 
has been sometimes supposed. The molyb- 
denite is rarely visible in the schist protore 
but has been identified at a few places and is 
probably distributed widely through it in 
small quantity. It is more abundant in the 
porphyry protore. 

The pyrite, chalcopyrite, and molybdenite 
have been deposited mainly with the quartz 
in the small fissures, but there is considerable 
pyrite, generally in very small crystals, dis- 
seminated through the substance of the schist. 
On the whole, however, the commonly applied 
name ^'disseminated ore" is likely to be a 
little misleading unless it is xmderstood that 
the dissemination is due to the minute and 
dispersive character of the fissuring and . 
veining much more than to the development 
of sulphides in isolated grains throughout the 
rock mass. 

Under the microscope in thin section the 
protore appears of simple mineral composition. 
The dominant constituents are quartz and 
sericite in fine-grained aggregation, and the 
schistose structure consists of an alternation of 
layers in which sericite predominates with 
those in which quartz is the more abundant 
mineral. These two minerals and the sulphides 
previously mentioned are generally accom- 
panied by a little biotite and chlorite, a few 
roxmded ciystals of zircon, and sparse minute 
granules of epidote. 

The chemical composition of typical schist 
protore is shown by five analyses in the follow- 
ing table. With them are placed for com- 
parison four analyses of unmetcdlized Pinal 
schist. All the analyses were made in the 
chemical laboratory of the United States, 
Geological Survey. 
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Analysu of tchistf protore, cmd ore. 



• 


Schist. 






Protore. 






Ore. 




1 


2 


3 


4 


6 


6a 


7* 


8 


9 


10c 


11' 


12 


13 


SiO- 


65.53 

16.47 

4.19 

2.25 


66.84 
17.46 

4.88 
.74 


72.87 

12.89 

2.40 

1.76 


61.62 

19.98 

3.46 

2.57 


78.91 

10.76 

.81 

1.64 
.20 
.05 

1.66 
.25 
.16 

3.44 
.20 

1.94 
.27 
.04 
Tr. 
.14 


71.28 

13.53 

.61 

1.00 

4.86 

.97 

.41 

.17 

.31 

3.81 

.31 

1.90 

.47 

.01 

"".'69' 
Tr. 


68.20 

16.61 

1.26 

1.27 

1.26 

.80 

1.04 

.27 

.73 

5.39 

.64 

2.37 

.51 

None. 

None. 

.11 

None. 


66.92 

19.23 

.54 

.99 

1.40 
.79 
.97 
.27 
.39 

5.61 
.24 

2.45 
.58 


63.70 
19.53 

3.49 

1.24 
.39 
.15 

1.60 
.41 
.46 

5.08 
.19 

3.43 
.65 


69.35 

12.96 

.22 

.90 

4.98 

2.85 

.34 

.18 

.80 

5.02 

.13 

2.25 

.43 

None. 


68.52 
15.35 

1.02 
.67 

2.03 

3.18 
.21 
.07 
.41 

5.74 
.24 

2.03 
.54 
.02 


70.63 
14.02 

2.47 
.95 
.52 

2.56 
.70 
.13 
.41 

4.93 
.14 

2.41 
.61 


63.04 


ALO. 


17.82 


Fe,0, 


2.36 


Feb...... 


.89 




.99 


Cu3** 










3.15 


McO..... 


1.29 
1.29 
1.42 
4.58 

.22 
2.27 

.83 


1.14 
.37 
.53 

4.65 
.17 

2.61 
.67 


.82 

1.90 

3.01 

3.03 

.26 

.24 

.06 


1.24 
.62 

1.78 

5.35 
.21 

2.23 
.56 


.58 


CaO 


.13 


Na-O 


.62 


KjO 


6.58 


HjO below 110^ 
H,0 above 110*». 
TiO 


.20 

2.37 

.85 


ZrOj 




CO, 


















pA 


.06 


.03 


.13 




.08 


.08 


.13 
Tr. 


.06 
None. 


.13 


.11 


80,f: 




NiO 








• 


None. 
.04 










MnO 


.06 


.02 


.07 




None. 
.07 


.01 
.16 


Tr. 


.01 


None. 
None. 


None. 
.05 


.01 


.01 


BaO 




140 








Tr. 


Tr. 


























1 








100.51 


100.11 


100.44 


99.62 


100.51 


99.80 


100.63 


100.46 


100.41 


100.54 


100.14 


100.62 


99.60 



« Sample contained about 0.32 per cent of metallic Iron, probably introduced in sampling and excluded lh>m analysis as calculated. 
b Sample contained about 0.29 per cent of metallic iron, probably Introduced in semplioE and excluded f^om analysis as calculated, 
e Sample contained about 0.56 per cent of metallic iron, Introduoed in sempling and excmded from analysis as cstubitcd. 
d Sample contained about 0.09 per cent of metallic iron, probably introduced in sampling and excluded from aimlysis as calculated. 

1. Pinal schist (Ry. 332^. South slope of the Red Hills, Ray district. Geoige Steiger, analyst. 

2. Pinal schist (M. 3). North side of Webster Gulch, 1,500 feet west of the Warrior mine, Miami district. Geoige 
Steiger, analyst. 

3. Pinal schist (Ry. 345). Probably metamorphosed rhyolite. Three-quarters of a mile north of summit of 
Granite Mountain, Ray district. George Steiger, analyst. 

4. Pinal schist (Ry. 348). One mile west of Sonora, Ray district. Close to granite porphyry contact. R. C. 
Wells, analyst. 

5. Metallized schist or protore (Ry. 361). No. 1 mine, 1912 (second) level, west of ore body, Ray district. R. G. 
Wells, analyst. 

6. Metallized schist or protore. No. 2 mine, 2,190 level, at 54 west and 4^ north (mine coordinates), Ray district. 
R. 0. Wells, analyst. Sample furnished by Ray Consolidated Copper Co. Mine assay gave 1 per cent of copper. 

7. Metallized schist or protore. No. 1 mine, 2,075 or adit level, at ^ south and 1} west, Ray district. R. C. 
Wells, analyst. Sample furnished by Ra3r Consolidated Copper Co. Mine assay ^ve 0.8 per cent of copper. 

8. Metallized schist or protore. Izispiration mine, Joe Bush shaft, 3350 station, Miami district. Chase Palmer, 
analvst. Sample furnished oy Inspiration Consolidated Copper Co. 

9. Metallized schist or protore. Ixispiration mine. Scorpion shaft, 3480 station, Miami district. Chase Palmer, 
analyst. Sample furnished by Inspiration Consolidated Copper Co. 

10. Gre. No. 2 mine, 1925 sublevel, 12^ north and 46J west, Ray district. R. C. Wells, analyst. Sample 
furnished by Ray Consolidated Copper Co. Mine assay gave 1.81 per cent of copper. 

11. Ore. No. 1 mine, 1940 level, 5^ south and 9^ west, Ray district. R. C. Wells, analyst. Sample furnished 
by Ray Consolidated Copper Co. Mine assay gave 2.65 per cent of copper. 

12. Ore. Miami mine, 420 level. Chase Palmer, analyst. Sample fumidied by Miami Copper Co. 

13. Ore. Miami mine, 570 level. Chase Pabner, analyst. Sample furnished bv Miami Copper Co. 

Note. — ^The sulphides present in the protore are pyrite, chalcopyrite, and chalcocite in various proportions. 
Theoretically there should be no chalcocite in the protore, but it has oeen found that even material containing so 
little copper as that of analysis 7 contains a little secondary chalcocite as films on pyrite. It has proved unexpectedly 
difficult to obtain protore entirely unaffected bv enrichment. As it is impracticable to determine in every sample 
how much of the contained copper is present in chalcopyrite and how much in chalcocite, some assumption is necessary 
to secure uniformity in the statement of the analyses. The present analyses are brought into form tor comparison bv 
calculating all the copper as chalcocite and deducting sufficient iron from that determined as FejO, to combine with 
the remainder of the sulphur as pyrite. In analyses 10 to 13 this statement probably accords very closely with fact, 
while in the samples represented by analyses 5 to 9 there is probably more or less chalcopyrite present with the 
chalcocite. For reasons explained in the text, not much reliance can be placed on the state of oxidation of the iron 
as presented in the analyses. 



Analyses 1 and 2 were made on as nearly 
typical unmetallized schist as could be obtained 
in the two districts. The rock corresponding 
to analysis 3 is an exceptional variety of the 
schist, probably an altered rhyolite, and that 
corresponding to analysis 4 has been affected 



niineralogically by the intrusion of the quartz 
monzonite porphyry of Granite Mountain. 
Analysis 5 was made on a fragment collected 
mainly to show the general character of the 
metallized schist, and analyses 6 to 9 were made 
on large samples of supposedly ** primary ore" 
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carefully collected for that purpose by the mme 
samplers. The samples were crushed and a 
small portion cut out for the analyst 19 the 
usual way. These analyses are thus probably 
more representative of the protore as a whole, 
including the veinlets, than analysis 5. The 
samples on which analyseSy6,7,10,and 11 were 
made all contained a little metallic iron in 
minute shredlike particles. This iron or steel 
probably came from the tools used in sampUng 
or grinding. It was extracted from the pow- 
der with a magnet, its proportion to the whole 
sample determined, and allowance made for it 
in the final calculation of the analyses. 

The accurate determination of the state of 
oxidation of the remaining or combined iron in 
the samples presented insurmountable diffi- 
culties. In the first place, some of the ferrous 
iron was oxidized in the grinding of the samples 
and during the time that elapsed between 
grinding and analysis. In the second place, 
the sulphides present, particularly chalcocite, 
exercise a marked reducing action on the potas- 
sium permanganate solution used in titrating 
for ferrous iron. As it has not proved prac- 
ticable to determine for each sample the rela- 
tive proportions of pyrite, chalcopyrite, and 
chalcocite present, the corrections made for the 
reducing action of the sulphides have neces- 
sarily been only approximations. Conse- 
quently the relative proportions of ferric and 
ferrous oxide as given in the analyses of the 
sulphide-bearing rocks can not be implicitly 
relied on. 

Another difficulty in presenting the analytic 
results springs from the probable presence, in 
most of the samples, of chalcopyrite together 
with chalcocite. If it were possible to deter- 
mine for each sample exactly how much of the 
copper is present as chalcopyrite and how much 
as chalcocite then the iron, copper, and sulphur, 
as determined by the analyst, might be properly 
proportioned between ferric oxide, pyrite, chal- 
copyrite, and chalcocite and so stated in the 
analysis. But this has not proved to be prac- 
ticable. It might at first glance be supposed 
to be a simple matter to express the analyses 
in terms of ferric and ferrous iron, metallic 
copper, and sulphur, subtracting from the total 
the oxygen equivalent of the sulphur, but here 
again the quantity of oxygen to be subtracted 
depends upon a knowledge of the quantity of 



chalcopjrrite present. In view of these facts 
it has seemed best to state the analyses uni- 
formly by calculating all the copper as chal- 
cocite and by deducting sufficient iron from 
that determined as ferric oxide to combine with 
the remainder of the sulphur as pyrite. In 
analyses 10 to 13 this form of statement prob- 
ably accords closely with fact, but analyses 
5 to 9 presumably should show some chalco- 
pyrite present with the chalcocite. 

The most noticeable feature in these analyses 
is the slightness of the difference in chemical 
composition between schist, protore, and ore. 
The metallized schist is distinctly lower in 
soda than the unmetallized schist. It aver- 
ages a little higher in potassa — 4.66 per cent, 
as against 4.40 per cent — but this difference 
is too small to be accepted as significant in 
view of the fact that some analyises of protore 
show considerably less potassa than some 
analyses of schist. The protore and ore, of 
course, have had copper and sulphur added, 
but it is difficult to detect any other important 
difference. When the iron, given as oxides 
and sulphide in the analyses, is, for the sake 
of comparison, all calctilated as metallic iron, 
the results are as follows: 



Iron (Fe). 
Analysis 1 4.68 



2. 
3. 
4. 

6. 

6. 

7. 

8, 

9. 
10. 
11. 
12. 
13. 



.3.98 

.3.04 

.4.42 

.1.931 

.3.48 

.2.46 

.1.80 

.3.61, 

.3.17 

.2.18 

.2.71 

.2.73 



Schist, average 4.01 



^Protore, average 2.65. 



Ore, average 2.69. 



So far as they go, these analyses show that 
metallization in copper is accompanied by loss 
in iron — a rather surprising result. Of course, 
such a comparison, to be reliable, should be 
based on a large number of analyses of care- 
fully collected material. All that can be safely 
concluded from the few analyses given is that 
the quantity of iron added in the process of 
metallization was probably not large, the pyrite 
having been formed chiefly from iron previously 
present in the rock as magnetite and ferriferous 
silicates. The analyses of protore are fairly 
representative, although in analyses 4, 5, and 6 
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the copper is rather high, and the samples may 
have contained a little chalcocite. That there 
should be more iron in the ore analyzed than 
in the protore is also an unexpected restilt, 
as presumably in the enrichment to ore some 
of the iron is removed as chalcocite is deposited. 

PORPHYRY PROTORE. 

Like the schist variety, the porphyry protore 
is traversed by countless small irregular veinlets 
running in all directions and intersecting at all 
angles. The walls of these stringers may be 
fairly sharp, but commonly the adjacent rock 
is silicified, so that of the once angular frag- 
ments into which the porphyry was divided 
by the Assuring only rounded kernels of com- 
paratively unaltered rock remain. Although 
these kernels are spoken of as comparatively 
unaltered, they are by no means fresh. They 
retain the general porphyry texture and they 
are speckled with sparkling and apparently 
fresh biotite, but the feldspars are dull and 
decomposed and the whole kernel is soft and 
friable. As in the schist protore, the quartz 
stringers carry pjrrite, chalcopyrite, and molyb- 
denite, but the exposures available indicate 
that both chalcopyrite and molybdenite are 
more abundant in the porphyry than in the 
schist. This suggests that, although the bulk 
of the ore is now in schist, the metallized 
porphyry was excellent raw material for the 
enriching process to work upon and in places 
probably contributed a large quantity of 
copper to the ore bodies now in the schist. 
The silicification of the porphyry was accom- 
panied by the development of much sericite 
and by the dissemination of pyrite and, to a 
less extent, chalcopyrite and molybdenite 
through the substance of the altered rock. 

The microscope shows that the formation of 
the sulphides in the granite porphyry has been 
accompanied by the general conversion of the 
rock to an aggregate consisting almost exclu- 
sively of quartz and sericite. The process has 
involved considerable recrystallization, and as 
a rule in rock where the biotite has disappeared 
the porphyritic quartz and an occasional small 
zircon are all that remain of the original con- 
stituents. Even the quartz phenocrysts have 
been attacked and partly replaced, some by 
sericite and some by secondary quartz. Such 
alteration apparently has required the addi- 
tion of silica, sulphur, copper, and molybdenum 
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and the subtraction of magnesia, lime, and soda. 
It suggests also the addition of potassa and 
iron, but the comparison of the analyses of 
schist tabulated on page 159 has rendered this 
supposition doubtful. 

Where the biotite has not disappeared much 
of the altered rock is so fragile that satisf aotory 
thin sections can not be cut from it. Here seri- 
cite and in some f acies kaolinite are much more 
abimdant than in the harder and more siliceous 
varieties. 

In both districts considerable parts of some 
of the granite porphyry masses are fractured 
and veined with quartz, and their feldspars are 
altered to sericite or kaolinite or aggregates of 
these two minerals, but sulphides are lacking 
and apparently were never deposited. Where, 
as in these rocks and in the protore, kaolinite 
occurs in association with sericite, it is the older 
mineral and has been metasomatically attacked 
by the sericite. (See p. 138.) 

ORE. 

QSNXRAI. CHARACTEB OF THE SXTLPHIDS ORB. 

The sulphide ore very closely resembles the 
protore, being in general a pale rock that, 
were it not for the speckling and veining by 
chalcocite would be almost white (PL LII). 
In texture and structure it is so nearly identical 
with protore that the description given for that 
material can be applied to it Mdthout change 
and need not be here repeated. 

The essential mineralogic and chemical 
change effected by the process of enrichment 
is the more or less thorough substitution of 
dark-gray chalcocite for yellow pyrite and chal- 
copyrite, this bringing about some difference in 
the general tint and appearance of the rock. 
The body or gangue, if it may be so termed, of 
the protore, having already been converted 
into quartz and sericite, a chemically stable 
aggregate, does not suffer much change in the 
alteration of protore to ore by the descending 
cupriferous solutions. Certain specimens of 
porphyry ore from the Miami mine show fresh 
original orthodase, and some of the schist ore 
from the 900-foot level of the Live Oak mine 
contains green biotite. That these minerals 
should have persisted unchanged through the 
original metallization which formed the protore 
and through the subsequent enrichment is 
rather remarkable. Apparently the enrich- 
ment was effected by solutions that were 
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neitlier strongly acid nor of great chemical 
activity. 

The chalcocitB; because of its dark color, 
brings out more conspicuously than the original 
pyrite the dependence of the metallization 
upon small fractures. Most specimens of the 
ore are traversed by numerous little nearly 
black veinlets of this mineral, intersecting at 
various angleS; commonly without any appre- 
ciable faulting, and ranging in width from 
mere films to veinlets 5 or 6 inches across. 
Veinlets over half an inch in width, however, 
are exceptional. Inspection of any fragment 
of ore shows that the separate particles of chal- 
cocite are not disseminated evenly through the 
rock but to a large extent lie in the minute 
cracks or joints. (See Pk. LII and LIII.) 
The ore tends to break along these joints, so 
that fracture surfaces may show more abun- 
dant chalcocite than would appear on the sur- 
faces produced by a saw cut straight through 
the rock. There are also many particles of 
chalcocite that are not visibly associated "with 
joints or cracks, but these probably constitute 
a minor proportion -of the whole. Thus the 
term ''disseminated/' now almost universally 
apphed to these ores, is not strictly or etymo- 
logically appropriate. It is, however, very con- 
venient, and its use in this connection is prob- 
ably not seriously objectionable if the fact is 
kept in mind that the chalcocite, while in a 
general sense dispersed through the substance 
of the rock, is not entirely scattered through it 
in isolated seedlike particles. 

From the best sulphide ore there are grada- 
' tions on the one hand to protore and on the 
other hand to oxidized material. In the richer 
ore there may be little or no pyrite, all having 
been replaced by chalcocite. Other kinds when 
cut and pohshed show the chalcocite to contain 
residual kernels of pyrite (PL LIII, B and C)^ 
and stiU others, for the most part classed as 
protore, show only a mere film of chalcocite on 
the pyrite. In the other direction the passage 
from sulphide ore to leached barren material is 
bridged by ores containing chalcocite, mala- 
chite, and chrysocoUa in various proportions. 
A considerable part of the ore mined in the 
Miami district is of this mixed character. 

As studied in polished surfaoes by reflected 
light; under the microscope, the chalcocite, 
ohalcopyrite, and pyrite show the usual rela- 
tions between these minerals in ores of this 
general character. 



As a rule whatever ohalcopyrite may have 
been present in the protore has disappeared 
in the ore, having been completely altered to 
chalcocite. Here and there, however, a vein- 
let may be found in which both sulphides are 
associated. A polished section of such ore 
shows the chaloopyrite to be traversed by an 
extraordinarily intricate network of chalcocite 
veinlets, which, notwithstanding its lacelike 
intricacy of mesh, is more regular than the 
pattern resulting from the replacement of 
pyrite by chalcocite. 

The pyrite invariably shows the minute 
irregular fiasuring or angular granulation char- 
acteristic of that mineral. It is along these 
Httle irregular cracks, as well as peripherally, 
that ohalcocitization begins, and aU stages 
may be found between such beginnings and 
complete replacement. As a rule the residual 
grains of pyrite, even if much reduced in 
size, retain to a surprising degree their original 
form and angularity. 

Of the characteristic shatter structure of 
pyrite, to which Graton and Murdoch have 
applied the name ^^ exploding bomb" structure, 
they remark: * 

The cause of this crushing and distortion is not yet 
clear, but it is plain that it took place in an early stage 
of crystallization of the ore, because no trace of such a 
thii^ is onnmonly to be found in the later sulphides or 
in the gangue, in the latter of which it would be expected 
that crushing or at least strain shadows would be seen 
in thin section if these materials had been subjected to 
stress. 

In the same paper ^ they state: 

In the average primary topper ore containing pyrite 
this mineral is commonly cracked and crushed and in 
many instances disarranged. TMiatever the cause of this 
may be, it is not the result of external deformation after 
the deposition of the ore. 

This conclusion is not only inherently diffi- 
cult of acceptance but does not appear to be 
borne out by the observable relations of the 
pyrite to the gangue minerals in the Ray and 
Miami district. In most of the specimens 
studied the quartz near the pyrite, when 
examined in incident light falling at the proper 
angle on a poUshed surface, is seen to be 
nearly or quite as full of minute fractures as 
the pyrite, and many of the cracks can be 
followed from one mineral into the other. In 

I ^^11 ■ I I — ~ 

> Oraton, L. C, and Murdoch, Joseph, The sulphide one of copper; 
some results of microscopic study: Am. lust. Mln. Eng. Trans., vol. 45, 
pp. 2&-03, 52»-530, 1914. 

* Idem, p. 67. 
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partly chalcocittzed protore, however, the 
fractures in the brittle nonmetallid minerals 
are much less conspicuous than those in the 
pyritC; the latter having been enlarged and 
filled by the deposition of chalcocite, which, 
by its contrast with the pyrite, greatly ac- 
centuates the structure. Nothing was seen in 
any of the specimens examined to suggest that 
the so-called exploding bomb structure in the 
pyrite is anything else than a result of stresses 
that have ^ected the whole rock. 

Molybdenite, described on page 133 as a 
minor constituent of the protore, especially of 
the porphyry protore, remains unaffected, so 
far as can be seen, by the process of enrich- 
ment. (See PI. LIV, A.) 

Chemical analyses of the ore are given on 
page 159, where they are compared with anal- 
yses of protore and schist. 

QENXRAL CEABACTXB OF THE PABTLY OXI- 
DIZED OBB. 

The partly oxidized ore is readily recog- 
nized by its greenish color, resulting from 
the change of part of the chalcocite to chryso- 
colla and malachite. This change may be 
very superficial, giving rise to little more 
than a brilliant stain, or it may have involved 
most of the chalcocite, leaving out only small 
residual kernels of the sulphide. In part, 
the malachite and chrysocolla directly replace 
the chalcocite, but in the process of oxidation 
a good deal of local migration of copper takes 
place, and both malachite and chrysocolla 
with some quartz are deposited in cracks 
and other small openings in the rock. The 
veins of chrysocolla formerly worked in the 
Keystone and Live Oak ground illustrate 
this migration on a rather extensive scale, 
for the fissures they occupy appear to have 
been filled originally with chrjrsocolla, not 
with sulphides. On the other hand, the 
carbonate-silicate ore of the Miami mine, 
which extends to a depth of about 1,000 feet 
imder the western part of the main ore body, 
does not, as has been suggested,^ indicate 
extensive migration of copper in solution 
as carbonate or silicate, for inspection of 
this ore shows residual chalcocite. The mala- 
chite and chrysocolla have resulted from the 
oxidation of the sulphide. In part these 

1 Tolman, C. F., Jr., Seoondary sulphide enrichment of ores: MIn. and 
Sci. Press, vol. 106, p. H3, 1913. 



minerals have directly replaced the chalcocite 
(see PI. XLVI, (7), and in part they have been 
deposited in immediately .adjacent openings. 
As a rule this oxidation was accompanied 
by the solution and redeposition of quartz. 
In some places little vugs are lined with 
chrysocolla, then with quartz, and finally 
filled with malachite. In other specimens 
chrysocolla, quartz, and chalcedony, inti- 
mately interlayered, have been broken and 
cemented by fresh quartz containing radial 
clusters of malachite. In still others both 
chrysocolla and malachite are covered by 
beautiful drusy layers of quartz or of quartz 
and chalcedony, through the translucent sub- 
stance of which gleam the colors of the under- 
lying copper minerals. The deposition of 
quartz was certainly not confined to a single 
period in the oxidation, but the malachite 
appears to be generally though perhaps not 
entirely younger than the chrysocolla with 
which it is associated. 

TENOR OF THE OBE. 

In tenor the ore ranges from any lower 
limit that may be set, usually some figure 
between 1 and 1.6 per cent of copper, up to 
ab6ut 10 per cent. Occasional assays show 
ore as high as 12 per cent, but there is no laige 
body of ore of such richness. The general 
average of all the ore reserves of the Ray 
Consolidated Copper Co., estimated in the 
company's report for 1916 at 93,373,226 tons, 
is given as 2.03 per cent. From the begin- 
ning of operations to January, 1917, the com- 
pany had mined 13,293,854 tons averaging 
1.70 per cent of copper. The highest grade 
of disseminated ore mined at Kay is that of 
the No. 3 mine, of which it was estimated in 
1914 that there was in the ground approxi- 
mately 540,000 tons of an average tenor 
slightly above 5 per cent of copper. 

In the Miami mine the samples as regularly 
taken by the company's samplers rarely carry 
more than 4.5 per cent of copper, although a 
general inspection of the assay plans and 
sections will show here and there assays be- 
tween 4.5 and 6 per cent. The company's 
annual report for 1915 gave the ore reserves 
on January 1, 1916, as 18,140,000 tons averag- 
ing 2.40 per cent of copper and 17,000,000 
tons averaging 1.21 per cent, or a total of 
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35,140,000 tons averaging 1.82 per cent. 
The ore sent to the mill in 1915 averaged 2.17 
per cent of copper. The report for 1916 gave 
the following: 

High-grade sulphide ore, 16,400,000 toDB at 2.40 per 
cent copper. 

Low-grade sulphide ore, 28,000,000 tons at 1.06 per 
cent copper. 

Mixed sulphide and oxide ore, 6,000,000 tons at 2 per 
cent copper. 

It may be questioned whether the 1.06 
per cent material can properly be termed ore 
under present conditions, even with copper 
at its current high price. The ore mined in 
1916 averaged 2.07 per cent. 

Inspection of the assay plans of the Inspi- 
ration mines shows a similar though slightly 
lower range of variation. The company's 
anxlual report for 1915 gives the following 
statement of ore reserves: 



Sulphide ore 

Low sulphide material 

Oxidized material 

Mixed carbonate and sulphide 
material 



Tons. 



46, 252, 000 
28, 698, 000 
17, 460, 300 

4, 732, 700 



97, 143, 000 



Percent. 



2.01 
1.26 
1.31 

1.31 



1.63 



The oi*e sent to the mill in 1916 averaged 
1.702 per cent of copper, which, it may be ob- 
served, is practically the same as the average 
for all ore milled from the Bay mines in that 
year. In 1916 the ore milled by the Inspira- 
tion Co. averaged 1 .548 per cent of copper, of 
which 1.213 per cent was in the form of sul- 
phides and 0.335 per cent in oxygen compoimds. 
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AND LEACHED ROCK. 



From the complete oxidation of the protore 
and ore two general kinds of material result. 
One is a rock brilliantly colored with malachite 
and chrysocolla containing approximately as 
much copper as the ore but in a form not sus- 
ceptible of satisfactory concentration by the 
processes applied to the sulphides. In a few 
places it has been rich enough to mine in a 
small way and ship to the smelters. 

Such copper-stained rock, traversed gener- 
ally by many little veinlets of chrysocolla, is 
abundant in the Miami district, generally in or 
close to the granite porphyry, and was what 
first attracted attention to the economic possi- 
bilities of the district. It is a conspicuous J 



feature at the surface near the No. 1 or Captain 
shaft of the Miami mine and near the Keystone 
shaft. As a rule the best ore bodies do not 
occur beneath rock of this character. Such 
brilliant coloring indicates that much of the 
copper, instead of migrating downward to 
form chalcocite, has been fixed near the surface 
as silicate and carbonate in a form that under 
present economic conditions and current metal- 
lurgic practice is not yet available as ore, 
although much of it will in time be utilized. 
It indicates also, as will be more fully shown 
later, that the material oxidized at the plac-e 
where the silicate and carbonate of copper 
abound was not pyritic but had previously 
undergone chalcocitization— in other words, 
that erosion had overtaken and . encroached 
upon downward enrichment. 

The other class of material consists of the 
leached rock or capping. This in its typical 
development is in strong contrast with the 
copper-bearing rock just described, although 
the materials ^of the two kinds grade into each 
other. Its prevalent characteristics are a more 
or less rustiness of tint and a practical abs^ice 
of copper. It contains enough iron oxide to 
give a reddish color to chum-drill sludge, 
whereas the imoxidized schist and ore give a 
gray sludge and the material containing much 
chrysocolla and malachite a greenish-gray 
sludge. 

Close inspection shows that the rusty pig^ 
ment is not evenly distributed through the 
rock but occurs with quartz along cracks or 
joints, as little specks in the body of the rock, 
and as a superficial wash over weathered frag- 
ments or outcrops. The specks are seen to be 
little pores lined or filled with spongy oxide, 
and similar material occurs in the quartz vein- 
lets. It is clearly the residue left after the 
oxidation of the pyrite and chalcopyrite and 
the removal of part of the iron and virtually 
all the copper. The substance of the rock 
itself is as a rule nearly white. 

One result of these changes/ especially the 
deposition of quartz and iron oxide, often in 
very intimate association, is a more or less 
superficial induration, the weathered oxidized 
material, although brittle and fractured, being 
as a rule harder than the sulphide ore beneath 
it. This difference is apparently not due to 
any notable addition of silica but probably 
to the setting free and redeposition of silica 
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from feldspars and other silicates and to the 
combination into hard aggregates of quartz 
with iron oxides derived from pyrite. 

It might be supposed that the oxidation of 
the sulphides, with the consequent formation of 
metallic sulphates, would be accompanied by 
other conspicuous mineralogic changes in the 
rock. This, however, is not the case. Were 
it not for the removal of the sulphides it would 
be impossible to distinguish with certainty 
xmder the microscope a thin section of leached 
capping from a thin section of ore. Both are 
composed essentially of quartz and sericite, 
and their microstructures are identical. 

If it were possible to recognize with certainty 
a particular variety of cap rock as indicative 
of ore beneath it, much expensive drilling 
might be dispensed with, but at present no 
great reliance can be placed upon visible 
surface criteria. It may be said, however, that 
a deep and conspicuous redness of the surface 
is less propitious than a rather subdued tint 
of rustiness. The excessive ruddiness generally 
indicates that the chalcocite zone is thin and 
that protore will be reached comparatively 
near the surface. On the other hand, abundant 
chrysocoUa near the surface suggests that 
erosion may have overtaken the chalcocite 
zone in its downward progression and have 
removed some of the ore body. As a rule, the 
cap rock above an ore body contains abundant 
small quartz stringera which show, by minute 
rusty cavities, the former presence of iron 
sulphide. 

Li order to ascertain the general chemical 
composition of typical cap rock, a goodnsized 
sample was collected on the 370-foot level 
of the Miami mine and was analyzed in the 
chemical laboratory of the Survey. The analy- 
sis is given below, and with it, for comparison, 
placed the mean of the two analyses of 



Chemioal composition of cap rock. 
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Miami ore given on page 159 : 



SiO. 

Al,0, 

^!::::::::::::: 

FeSa... 

CuoS 

MgO 

CaO 

NaJO.. 

KjO 

H,0 below 110*> C. 
H-0 above 110*> C. 
T1O2 



68.30 

17.41 

a 80 

.15 



.83 
.04 
.53 

6. 71 
.15 

2.44 
.66 
.47 
.01 



66.83 

15.92 

2.36 

.92 

.^5 

2.85 

.64 

.13 

.51 

5.75 

2.39 

.78 

.12 

Trace. 



100.50 



100.07 



1. Gap rock from the 370-foot level of the Miami mine. 
Chase Palmer, analyst. 

2. Mean of two analyses of Miami ore (10 and 11 in table 
on p. 159.) 

The above comparison shows how little 
alteration beyond the abstraction of copper 
and sulphur, the change of the iron to ferrio 
oxide, and the rearrangement of the silica is 
effected in the metallized schist by natural 
leaching. A similar comparison of porphyry 
ore and porphyry capping might show a 
slightly greater difference, but it did not seem 
worth while to have additional analyses made 
to determine this point. 

The copper tenor of typical leached capping 
is extremely low, and such material rarely 
shows any visible trace of the presence of 
copper-bearing minerals. Assays of capping 
usually range from a mere traoe to about 0.2 
per cent of copper, higher results generally 
being indicative of the presence of a little visible 
silicate or carbonate of copper — ^in other words, 
of material intermediate between typical 
leached capping and oxidized but unleached 
ore. 



Chapter X.— Origin op the Copper Deposits. 



GENERAL STATEMENT OF THE PROBLEM. ] 

The preceding descriptive chapters should 
have made it evident that two general processes 
of distinctively different character have con- 
tributed to the origin oi the ores. The first 
was ascensional, or hypogenO; and produced the 
protore; the second was descensionaly or super- 
gene, and converted protore to ore. How 
came certain kinds of rock in certain parts of 
each district to be filled with disseminated 
sulphides, chiefly pyrite, and how came this 
protore to be enriched to ore 1 As will appear 
in the following pages, these questions can be 
answered only in part, for of what is sometimes 
referred to as our "knowledge*' of ore deposi- 
tion a much larger proportion than some 
geologists seem willing to admit is more 
safely to be regarded as speculation than as 
established truth. 

DEPOSITION OF THE PROTORE. 

nnxirBNCs of ignxous actzvitt. 

Had no previous study been made of the 
copper deposits of the western United States 
and were observation restricted to one only 
of , the two districts here described, the observer 
might Veil inquire whether the association 
of the ores with granitic or monzonitic porphyry 
is merely accidental or is an illustration of 
cause and effect. The present state of our 
information, however, leaves little room for 
this doubt. Not only at Ray and Miami but 
at Clifton, Bisbee, and Ajo in Arizona, at Ely 
in Nevada, at Santa Kita in New Mexico, and 
at Bingham in Utah, not to mention occur- 
rences outside of this country, copper ores 
generally similar to those of Ray and Miami 
are closely associated with monzonite porphyry 
or with porphyry intermediate in character 
between monzonite porphyry and granite 
porphyry. In some of these districts the evi- 
dence for an essential genetic relationship 
between ore and porphyry is plain; in others 
it is more or less equivocal to anyone who 
permits himself to realize that some ores, even 
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ores of copper, may occur m localities where 
there is nothing to suggest any connection 
between them and igneous activity. Taken 
collectively, however, the disseminated copper 
deposits of the southwestern United States 
present convincing evidence that the monzo- 
nitic porphyries, by which they are invariably 
accompanied, had something to do with their 
origin. 

It is not to be supposed, however, that the 
now visible parts of these bodies of porphyry 
contributed in any active way to ore deposition. 
They, like the neighboring schist, have them- 
selves been altered by the ore-bearing solutions, 
and, where favorably situated, have been 
changed into protore just as the schist was 
changed under similar circumstances. Their 
significance lies in their testimony to the 
probable presence of much larger masses of 
similar igneous material below any depths 
likely to be reached in mining, and it is from 
these laiger and deeper masses, which must 
have taken far longer to solidify and cool than 
the bodies now exposed by natural erosion and 
in the mines, that most of the energy and at 
least a part of the materials were derived to 
form the protore. 

CHARACTER OF THE DXPOSmNG SOLUTIONS. 

The probable character of the hypogene 
solutions that deposited a given ore body is 
ascertainable in part from the observed effects 
of the solutions on the rocks which they 
traversed, in part from the study of present- 
day spring waters, in part from experimental 
work, and in part from general chemical con- 
siderations. On the basis of evidence drawn 
from the various sources mentioned, fairly 
general acceptance is given to the view that 
deposits such as the protore of Ray and Miami 
are the work of thermal alkali sulphide waters 
probably carrying some carbon dioxide. It 
can not be said that tliese particular deposits 
very definitely confirm or modify this com- 
monly held view. 
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Owing to the lack of original uniformity of 
composition the rocks in which the ore occurs 
at Ray and Miami are not favorable to the 
accurate chemical comparison of altered with 
unaltered rock, and it is not possible to 
determine satisfactorily the increases and 
decreases in the rock mass that accompanied 
protore deposition. Two elements that the 
depositing water brought up from below 
were sulphur and copper. Probably, also, mo- 
lybdenum and silicon should be added to these, 
for it does not seem likely that molybdenite 
was originally present in the schist, and tlie 
direct comparison of analyses of schist and 
protore, which it is to be remembered is a 
comparison not of equal volumes but of equal 
wei^ts of the two rocks, appears to indicate 
some silicification. On the other hand, although 
the abundance of pyrite in the protore suggests 
the addition of iron, the analyses indicate 
rather that the iron already present in the 
silicates of the schist and porphjrry and as 
magnetite was more than sufficient to form the 
sulphide now in the rock. There is no develop- 
ment of carbonates at Ray or Miami and there- 
fore nothing directly indicative of the presence 
of carbon dipxide in the hypogene solutions. 
The abstraction of soda and the lack of any 
notable increase of potassa in the protore as 
compared with the original schist and por- 
phjrry do not, moreover, indicate high alka- 
linity of these solutions. 

In the E3y district, inasmuch as the ortho- 
clase phenocrysts ^f the porphyry were not 
attacked by the ore-bearing solutions, Spencer ' 
concluded that these solutions were saturated 
with respect to that mineral and therefore, by 
inference, comparatively rich in potassium. At 
Ray and Miami none of the common silicate 
minerals of the schist or porphjrry have been 
entirely immune from attack, although in 
places the biotite of the porphjrry has remaiued 
remarkably fresh, even after enrichment, al- 
thou^, as is well known, the mineral is com- 
pletely decomposable in the laboratory by sul- 
phuric acid. This, so far as it goes, might be 
taken to indicate that the hypogene solutions 
were rich in potassium and iron, a result not 
in accord, however, with other effects produced. 

On the whole, the hypogene solutions appear 
to have been of rather feeble chemical activity, 

> Spencer, A. C, The geology and ore deposits of Ely, Nev.: U. 8. 
Qeol. Survey Prof. Paper 96, p. 65, 1916. 
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and althQu^ the quantity of copper which they 
transported was large in the aggregate, it was 
small when measured in percentage of the 
metallized rock mass. 

INFLITENCS OF STBITCTUBB. 

No clear relation has been n^ade out between 
primary metallization and rock structure. It 
may be said that such metallization has taken 
place at or in the vicinity of the contact be- 
tween schist and granite porphyry, but this is 
true only in a general way. Typical protore 
may be found more than 1,000 feet from any 
known porphyry mass of considerable size. 
Moreover, it is only along certain parts of the 
contact r^on that any deposition has taken 
place. In the Ray district, for example, the 
schists near the granite porphyry on Granite 
Mountain, although showing contact meta- 
morplusm, are not noticeably sulphidized, and 
in the Miami district it is only along the north- 
em border of the north lobe of the Schultze 
granite that the schists contain much dissemi- 
nated pyrite and chalcopyrite. 

The conditions that determined the ascent 
of metallizing solutions at any particular place 
were doubtiess complex. Essential ones must 
have been permeability of the rocks affected 
and an abundant supply of the active solutions. 

Permeability, as shown by, a study of the 
protore, was due in large measure to minute 
irr^ular fissm-ing. This fissuiing perhaps 
accompanied the formation of laiger fissures 
along which faulting took place. These larger 
fissures, however, are not easily recognized. 
Most of the faults mapped in the Miami district 
(PI. XXXIX) are believed to be younger than 
the deposition of the protore, but the observa- 
ble facts upon which this conclusion rests are 
such as may have succeeded and obliterated 
evidence of older movement along the same 
fissures. It may often be shown that a certain 
movement along a fault took place after certain 
other geologic events in the history of a district, 
but it can rarely be demonstrated that this 
particular displacement was the fiist mani- 
festation of faulting along the fissure. 

In the Ray district the Sim and Sharkey 
faults fitnd other less conspicuous fissures not 
mapped appear to be of considerable antiquity 
and may have contributed to the permeability 
of the schist at the time the protore was 
formed. 
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Permeability, it is believed, was favored also 
by irregolarity of the intrusive contact and by 
the presence of little tongues and dikes of 
porph3rry extending out into the schist. The 
act of intrusion must have caused some distur- 
bance of the schist, and the presence of such 
tongues and dikes, by introducing heterogeneity 
into the rock mass, probably made for further 
fissuiing and to that extent provided com- 
municating channels between the deep-lying 
igneous material and the zone of sulphide 
deposition. Some probability is given to this 
suggestion by the fact, as may be seen from 
Plates XXXIX and XLV, that small dikes 
and irregular protrusions of porphyry are 
abimdant in the metallized groimd, both at 
Ray and at Miami. This is particularly notice- 
able about Humboldt Hill, in the Kay district, 
where the ore body attains its greatest thick- 
ness. That thickness, however, it should be 
remembered, is probably due more to enrich- 
ment than to protore deposition. 

The quantity of miiferalizing solutions avail- 
able at any place in the contact zone probably 
depended to a large extent also on the shape 
of the deep-seated mass of magma from which 
they rose. This mass, however, is entirely 
beyond our ken, and its form must remain, for 
the present at least, unknown. 

mVLUENCS OF VABIATXOKS IN COUNTBY KOCK. 

There appears to be no regular or significant 
difference between schist protore and porphyry 
protore as regards tenor in copper. Chalco- 
pyrite, however, if not more abundant, is in 
places a more conspicuous constituent of the 
porphyry protore than of the schist protore. 
Molybdenite also seems to be more abimdant 
in porphyry than in schist. Diabase does not 
occur in close association with the protore at 
Miami, but, as described on page 124, does 
have to be taken into account in the Ray district. 
At Ray the mineralized diabase, as a rule, 
appears to carry more pyrite and chalcopyrite 
and to assay rather higher in copper than the 
average schist or porphyry protore. (See p. 
157.) This is not surprising when it is remem- 
bered that the diabase contains a much larger 
quantity of iron originally present as oxide 
and siUcate than the other rocks and also, as 
has been shown in a previous publication,* con- 
tains originally a Uttle copper. Practically no 

» U. S. 0«ol. Survey Prof. Paper 12, p. 12, 1903. 



enriched disseminated ore has yet been mined 
in diabase in the Ray district, but there appears 
to be no reason why, under suitable conditions, 
enrichment of the mineralized diabase should 
not have taken place, and consequently it 
would not be surprising if bodies of ore were 
found in that rock east of Mineral Creek. 

The association of some of the ore in the Ray 
district with diabase and the common occurrence 
of copper ore with the same rock in other parts 
of the Globe-Ray region offer a strong tempta- 
tion for regarding this rock as having some 
genetic connection with the ore. The fact, 
however, that a laige part of the ore in the Ray 
district and practically all of that at Miami 
has no close connection with diabase, so far as 
known, makes it fairly certain that its presence 
was not an essential factor in the deposition of 
the protore. 

aSLATIOK' TO THE SUBFACS EZISTSNT AT THE 

TIMX OF DXPOSTnOK. 

Since the deposition of the protore the region 
has undergone too many vicissitudes to permit 
the mental restoration of the topographic 
features then existent. Attempts have been 
made to estimate the thickness of rock that 
was removed by erosion during the progress 
of enrichment. J. E. Spurr, for example, in 
the report by Spurr and Cox to the Ray Con- 
solidated Copper Co. (impublished), estimated 
that in one place 467 feet of rock had been 
leached and remoyed from above the present 
ore bodies. Another estinuite made by the 
same geolc^t in the same report, based prob- 
ably on slightly different data, gave 675 feet. 
These figures, it may be noted, agree fairly 
well with the 500 feet estimated by Spencer ' 
as a minimum for the Ely district, Nev. 

These estimates are based on the assumption 
that the process of enrichment has been con- 
tinuous and that all the copper has been car- 
ried down and redeposited. As will be shown 
later, the process is probably cyclic, and, if the 
deposits have been subjected to erosion long 
enough to permit the completion of one or 
more cycles, a large part of the copper may 
have been carried away and lost. Even where 
the complete cycle is not developed, probably 
considerable copper is shifted laterally in solu- 
tion and is no^ added to the ore body. Conse- 

> Spencer, A. C, The geology and ore deposits of Ely, Nev.: U. 8. 
Oeol. Survey Prof. Paper 96, p. 80, 1916. 
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quently the estimates giveQi on the supposition 
that the average tenor of the protore, another 
uncertain factor, has been correctly estimated, 
are likely to be under rather than above the 
truth. 

It is probable that at the time the protore 
was deposited at least 500 feet of rock lay 
above the present surface, and it is not at all 
unlikely that the thickness was several times 
the figure mentioned. The crystallinity of the 
granite porphyry and the character of the 
metamorphism that accompanied or followed 
the intrusion are both indicative of the solidi- 
fication of the magma under a fairly thick 
cover. In the Miami district the granite 
porphyry itself, at the present day, is in places 
fully 750 feet thick above the ore. 

POSSIBLS FUNCTION OF ADSORPTION. 

Adsorption is the property possessed by 
some substances, especially those in a fine state 
of division, of precipitating solids from solu- 
tion through the operation of the principle of 
stuf ace concentration. Solutions are more con- 
centrated at their surfaces than in the body of 
the liquid, and any conditions that tend to 
increase the surface of a solution tend also to 
local concentration of the solute and conse- 
sequently to precipitation. 

If the hypogene solutions found access to 
the zone of deposition through comparatively 
few and relatively large channels or fissures, 
then upon reachir^ the mesh of tiny fissures in 
the schist and porphyry within the region of 
deposition their surface area must have been 
enonnously extended, with a consequent in- 
crease in local concentration and a tendency 
toward precipitation or greater chemical ac- 
tivity. It is not known whether such physical 
con(Utions actually existed, but it is perhaps 
well to bear in mind the possibility of adsorp- 
tion having a part in the deposition of ore in 
porous or minutely fissured rocks. 

asoLoaic age. 

The deposition of the protore probably fol- 
lowed closely the intrusion of the granite por- 
phyry, but no facts are known that might serve 
to fix this event definitely in geolc^c time. 
The granite porphyry is younger than the dia- 
base, whose intrusion, on general grounds rather 
than from any definite evidence, is supposed to 
have taken place at the end of the Mesozoic 



era. It appears reasonable to regard the in- 
trusion of the granitic porphyries as an early 
Tertiary event, but it must be admitted that 
this is little more than conjecture. The de- 
position of the protore certainly took place after 
theMaying down of the Tornado (Mississippian 
and Pennsylvanian) limestone and before the 
eruption of the dacite. 

ENRICHMENT. 
OSNXRAL CHARACTER OF THE PROCESS. 

The general progress of enrichment in 
disseminated copper deposits, with special 
reference to those in porphyry, has been 
admirably outlined by Spencer* as follows: 

The chemistry of downward chalcocite enrichment may 
be treated by following in imagination the inddenta of 
the journey made by rain water, which falls on the surface, 
soaks into the ground , and penetrates an existing ore body. 
The subject is here considered with special reference tof 
the porphyry ores of the Ely district. 

Rain water carries in solution the gases of the atmos- 
phere, including oxygen and carbon dioxide. In acid 
and semiarid r^ons it contains also noteworthy amounts 
of common salt, which may be r^;arded as of wind-blown 
origin. As these waters pass into the soil and into the 
porous weathered capping that lies above the ore mass 
they come into contact with orthoclase and mica and 
with oxidic compounds of iron and copper (including 
limonite and its congeners), basic sulphates carrying iron 
or copper, and basic carbonates of copper. Metallic 
copper and the red oxide, cuprite, are also fairly common 
in the overburden. The silicate minerals in the capping 
tend to make the water alkaline,' but as they are only 
slightly attacked this tendency is Ukewise slight. Of the 
metallic minerals in the capping, those containing sul- 
phate decompose, being somewhat soluble, the result 
being to produce and to leave in place limonite and copper 
carbonates and to furnish small amounts of iron and potas- 
sium sulphates to the solution. That the copper carbo- 
nates, though relatively stable, yield gradually to solu^ 
tion is shown by the much smaller amount of copper in 
the upper part of the capping than in the lower part. 
Thus far the dissolved oxygen does not enter laigely into 
the reaction, because most of the minerals of the capping 
are already fully oxidized. The only exceptions to be 
noted are cuprite and native copper. Also, the carbonic 
dioxide has been by no means exhausted. 

Everywhere the capping, which is colored character- 
istically red by ferric-iron compounds, gives place by a 
short transition to gray or bluish ore. Just beneath the 
capping the solution encounters material rich in sulphide 
minerals that are subject to ready oxidation. Here, then, 
chemical action between the oxygenated waters and the 
sulphide minerals ensues, a series of reactions being 

1 Spencer, A. C, Qeology and ore deposits of Ely, Nev.: U. S. Geol. 
Survey Prof. Paper 96, pp. 7(^77, 1916. 

« Cameron, F. K., and Bell, J. M., U. 8. Dept Agr. Bur. Soils Bull. 
30, pp. 12 et seq., 1905. Clarke, F. W., The data of geochemistry, 3d 
ed.: U. S, Oeol. Survey BuU. 616, pp. 47a-483, 1916. 
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initiated, of which the culminating reaction involves the 
deposition of chalcocite. At first the waters contain free 
sulphuric acid, furnished by the decomposition of pyrite, 
but gradually the acid becomes neutralized by bases 
furnished by the gangue minerals, and at sufficient depth 
the solutions become alkaline. If the decomposing min- 
erals are considered the reactions that occur beneath the 
capping present a succession of oxidations, whereas if 
considered with respect to the active solution, the changes 
are, of course, in the direction of reduction. The reac- 
tions of the series may be considered in three groups, 
assignable in a general way to higher, intermediate, and 
lower positions in the body of sulphide-containing mate- 
rial. In the upper part of a sulphide ore. body atmos- 
pheric oxygen is the oxidizing agent; somewhat lower 
down, where free oxygen has been exhausted, ferric 
sulphate becomes active; and after the oxygen made 
available by this carrier has been utilized cupric sulphate 
furnishes oxygen. The action of cupric sulphate on pyrite 
and chalcopyrite results in the deposition of chalcocite 
and the consequent enrichment of material carrying the 
primary sulphides. The formation of secondary chalco- 
cite probably involves a series of transitions or stages, as 
pyrite— chalcopyrite — ^bomite — covellite — chalcocite. 

The following discussion is incomplete in that the chem- 
istry of the copper minerals that are characteristic of the 
capping is not considered. Though oxidation in the por- 
tion of an ore body that lies just beneath the capping 
results in the compounding of cupriferous solutions, the 
fact must not be neglected that here also are formed the 
relatively stable basic carbonates and sulphates and the 
even more stable minerals, cuprite and metallic copper. 

Although the chemistry of enrichment in its 
hroad outlines is fairly well understood, many 
details and special problems remain to be 
worked out. These are being attacked in a 
joint study under the auspices of American 
copper companies, the Harvard Mining School, 
and the Geophysical Laboratory of the Gamble 
Institution of Washington. In view of the 
geologic and chemical ability thus focused on 
the subject of enrichment and the progress 
already made, it is scarcely to be expected that 
a geologic report on only two districts wherein 
the operation of the process is similarly dis- 
played should go very deeply into the chemical 
discussion of enrichment. All that will here be 
attempted will be a general account of the 
process as locally exemplified and the presenta- 
tion of such suggestions as may have sprung 
from observations in the districts described. 

The foregoing quotation from Spencer gives 
a clear picture of the process in operation, but 
it is incomplete, as it takes no account of condi- 
tions before the formation of some oxidized 
capping and omits to describe important 
changes that it is believed may take place after 
a certain stage in enrichment has been reached . 



In other words, it pictures a continuous rather 
than a cyclic process. In some, possibly in 
most, deposits the cyclic character is not obvi- 
ous and the enrichment seems to have been 
continuous and progressive. It is necessary, 
however, to inquire how far this apparent 
continuity may be due to the fact that enrich- 
ment in such deposits is still in a comparatively 
early stage of development. 

THE XKBICHMXNT CYCLE. 

The imagination does not easily picture the 
beginning of the enrichment of any deposit 
of the general kind here .described. The 
characteristic capping which now covers the 
ore and through which rain water must per- 
colate in the manner so well described by 
Spencer is a product of the weathering of 
protore or ore and hence marks a process well 
advanced. There must have been a stage 
when there was no capping, in the sense in 
which the word is used by the copper nainers — 
a time when percolating rain water, without 
previously passing through material that had 
once contained pyrite and other sulphideSi 
b^an its attack on the protore. On the 
other hand, only under exceptional geologic 
conditions could a large mass of pyritized rock 
be suddenly exposed to weathering. Nor- 
mally rock of that kind would be brought 
within reach of atmospheric attack only by 
the slow removal of overlying rock by erosion, 
in the course of which pyrite might never 
appear at the surface, and the weathering of 
the protore would begin gradually. The sul- 
phides first reached woiild perhaps be sparsely 
disseminated, and oxidation of them would 
proceed only here and there where conditions 
were especially favorable for the descent of 
oxidizing water. As successively deeper-lying 
portions of the pyritized rock were encroached 
upon by the zone of oxidation chemical activity 
would increase and the process of downward 
concentration of the copper by the reduction 
of sulphate solutions would attain full swing. 

At first the oxidizing solutions worked on 
pyrite and chalcopyrite. But as the process 
went on, increasing quantities of chalcocite 
were deposited lower down at the expense of 
the pyrite and chalcopyrite, and this chalcocite 
gradually, as erosion progressed, came into the 
zone of oxidation. Finally a stage must have 
been reached in which chalcocite, not pjrrite, 
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became the chief sulphide under the attack of 
the ^atmosphere and of descending water. 

Various steps in the oxidation of pyrite 
m^y be indicated by the following equations: 

FeS,+40-FeS0,+S (1) 

FeS,-h60=FeS0,+S0, (2) 

FeS,+70+H,0=PeS0,+H,S0, (3) 

2FeSj + 150+H,0=Fe,(SO,),+HaSO, ...(4) 

The products are ferrous and ferric sulphate, 
sulphur dioxide, and sulphur. 

The oxidation of chalcocite by atmospheric 
oxygen may be represented as follows: 

2Cu3S+0-2CuS+Cu,0 (5) 

CuS + 40=CuS04 (6) 

Here the products are cuprite and cupric sul- 
phate. In the absence of pyrite, there is no fer- 
rous or ferric sulphate and no free sulphuric acid. 

The significance, as regards enrichment, of 
the difference between the oxidation of cu- 
priferous pyritic material and the oxidation of 
chalcocite alone does not appear to have 
received much investigation from the chem- 
ical side, but observation in the Miami dis- 
trict strongly suggests that the process of 
enrichment is far more active when the 
material undergoing oxidation contains abun- 
dant pyrite than when it is chiefly chalcocite. 
The presence of free sulphuric acid in the one 
casQ. and its absence in the other might be 
taken as an indication that acidity favors 
enrichment. Spencer,* however, reached the 
conclusion that ''under natural conditions 
chalcocite will not replace primary sulphides 
when the acidity of the cupriferous solutions 
exceeds some rather small minimum,'' and 
Zies, Allen, and Merwin' found that, in 
laboratory experiments, sulphuric acid retards 
but does not change the nature of the reaction 
between pyrite and cupric sulphate. 

The laboratory work, however, though essen- 
tial and illuminating in helping to explain the 
process of enrichment, is necessarily carried out 
under conditions far simpler than those existing 
in natiu*e, and this fact should never be lost 
sight of when the results of the laboratory are 
applied to the facts in the field. Thus although 
in a system of pure pyrite and cupric sulphate 
free sulphiuic acid may retard the deposition 
of chalcocite on the pyrite, other reagents also 

* spencer, A. C, Chalcocite ennchment: Econ. Oeology, vol. 8, pp. 
647-948, 1913. 

* Zies, E. O., Alien, E. T., and Merwin, H. E., Some reactions Invcdved 
In sesondary copper sulphide enrichment: Econ. Geology, vol. H, p. 
444, 1916. 



come into play in a natural deposit, and these 
may modify the conclusions drawn from experi- 
mental work. 

The effective constituent in a cupriferoiis 
enrichingsolution is cupric sulphate, with, when 
suitable reducing agents are present, the still 
more efficacious cuprous sulphate. 

Inasmuch as the oxidation of chalcocite alone 
yields cupric sulphate, and as this highly soluble 
salt is an effective enrichii^ agent, it is not 
immediately apparent why, when chalcocite is 
the only sulphide exposed to weathering, enrich- 
ment should not proceed as rapidly as when 
pyrite is abundant in the zone of atmospheric 
attack. It is a matter of observation, how- 
ever, that when chalcocite weathers, especially 
in f eldapathic rocks, part of the copper is notcar- 
ried away as sulphate but is converted into car-, 
bonate or silicate and remains near the surface. 
This conversion of the copper from a highly 
soluble to less soluble forms could not take place 
especially as regards the carbonates, if free sul- 
phuric acid were abundant, and here probably 
is an illustration of a way in which sulphuric 
acid, notwithstanding its retarding influence as 
shown by laboratory studies of enrichment, 
may, under natural conditions, facilitate rather 
than check that process. 

Whatever may be the effect of the sulphuric 
acid set free when pyrite oxidizes, a consider- 
able part of the greater activity in enrichment 
when this mineral is present must be ascribed 
to the formation of ferric sulphate, which is an 
active solvent for copper sulphates.^ It reacts 
rapidly with chalcocite in accordance with the 
equation 

Fe,(S04)3 +CU2S -CuSO^ +2FeS04 +CuS. 

The resulting covellite is more slowly attacked 
as follows: 

Fe^CSOJa +CuS + 30 +HjO- 
CuSO, + 2FeS0, + HjSO^ 

Thus, so long as pyrite is present, the copper 
is being taken into solution and being redepos- 
ited by reaction with sulphides at lower levels. 
Of course malachite and chrysocoUa, althougih 
far less soluble than cupric or cuprous sidphate, 
are not immune from solution. The occurrence 
of the hydrous copper silicate now being depos- 
ited in some of the mines, as described on page 
140, shows clearly that the copper can migrate 
in the form of silicate. The chrysocoUa veins 
formerly worked in the Keystone and Live Oak 

> Emmons, W. H., The enrichment of ore deposits: U 8. Oeol. Sur- 
vey Bull. 625, p. 150, 1917. 
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ground at Miami and the chiysocoUa ore at the 
base of the dacite in the Warrior mine in the 
Miami district and at other places in both the 
Miami and Ray districts are believed to be the 
ivork of solutions that were derived from the 
oxidation of the disseminated sulphides and 
that carried the copper as silicate. No evidence 
has been found, however, to show that silicate 
or carbonate solutions of copper have anywhere 
been active in enriching sulphides. The occur- 
rence of chrysocolla and malachite at consider^ 
able depth in the Miami mine, as described on 
page 136, has clearly resulted from the oxidation 
of chalcocite in place. The solutions that 
effected this oxidation do not appear to have 
added any notable quantity of copper to the 
amount already present in the rock but to have 
contributed only the carbonate and silicate 
radicles. In other words, this so-called oxi- 
dized ore, which was once chalcocitic ore, sup- 
posedly of about the same general grade as ihe 
rest of the deposit, now contains less rather 
than more copper than the unoxidized ore in 
its vicinity. 

That the copper goes less readily into solution 
in deposits of chrysocolla and malachite than in 
pyritic sulphide deposits is a matter of direct 
observation. In the Miami district mine dumps 
in which the copper is present chiefly as silicate 
or carbonate show little change in color or char- 
acter after several years' exposure to the 
weather. In the pyritic dumps, on the other 
hand, there is rapid oxidation, both copper and 
iron going into solution as sulphates which are 
partly and temporarily redeposited as efflores- 
cent coatings. In some places also active 
chemical change is shown by a perceptible odor 
of sulphur dioxide. 

Ttyd conclusion is reached that when enrich- 
ment has progressed so far that the sulphides 
immediately beneath the capping have been 
converted almost wholly to the relatively stable 
chalcocite the process slows, the chalcocite 
becomes gradually converted to malachite and 
chrysocolla, and if erosion proceeds at its 
original rate or is accelerated by faulting or 
other diastrophic movements it may overtake 
enrichment and attack the rock containing 
copper carbonate and silicate. This appears 
to be essentially the condition at the New 
Keystone mine in the Miami district. 

This conclusion is regarded as probable 
rather than actually demonstrated. If it is 



correct, then a deposit that has resulted from 
prolonged erosion and enrichment may have 
passed through one or more stages, during 
which much of the copper collected by down- 
ward enrichment was swept away as sedimen- 
tary detritus and in solution in surface waters. 

With the disappearance of the protecting 
chalcocite and the continued lowering of the 
surface by erosion pyritic protore would again 
be exposed to the action of air and downward- 
seeping oxidizing water, and a second cycle of 
enrichment would begin. 

Between the intrusion of the granite por- 
phyries associated with the ores and the 
eruption of the dacite the region was deeply 
eroded, as shown by the fact that in that 
period the porphyries, which must have solidi- 
fied under considerable cover, were exposed 
and contributed detritus to the Whitetail. 

Direct evidence of the superposition of the 
Whitetail formation or the dacite on the eroded 
granite and granite porphyries is scanty. 
In the western part of the Miami district the 
porphyry and dacite are in contact at a num- 
ber of places, but the two rocks appear to 
have been brought together by faulting. 
Just north of Button Peak, in the western 
part of the Globe quadrangle, on a weathered 
surface of the Schultze granite, dipping about 
30° S., is a layer, a foot or two thick, of soft 
g!ray clayey material containing some pebbles. 
Above the clay is a bed, at least 20 feet thick, 
of breccia composed chiefly of schist frag- 
ments and interpreted as representative of 
the Whitetail formation, which is highly 
variable in thickness and constitution. Above 
the breccia lies the dacite, apparently as 
originally poured out, although the contact 
between breccia and dacite is not exposed. 
The gray clay might possibly be interpreted 
as a fault gouge, but it probably is a bedded 
deposit. Northwest of the Pinal ranch the 
dacite as seen in a reconnaissance trip appears 
to lie on an erosion surface of Schiiltze granite 
and Pinal schist, and is thus younger than 
the granite and than the porphyry with which 
the ores at Miami are connected. 

Although it is beUeved that the process of 
enrichment has potentially a cyclic character, 
it may well be doubted whether this char- 
acter is often manifested in the simple, definite 
order of changes just outlined. There are 
many complicating factors, such as rate of 
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erosion, depth to underground water level, 
climate, topography, and country rock, that 
must be taken into account. For example, 
it is conceivable that erosion might be so 
slow, the climate so arid, and drainage so 
feeble that the copper in the exposed chalco- 
cite zone would, after oxidation, continue 
to be carried down and redeposited by enrich- 
ment of protore. Or, to put the matter 
somewhat differently, the appearance or ab- 
sence of typical cyclic character might depend 
upon the relative speeds of denudation on the 
one hand and of the chemical changes con- 
tributory to enrichment on the other. Again, 
climate, by determining the physical condi- 
tion of the soil, the nature of the vegetation, 
and the character of the rainfall, might be 
the dominant factor in deciding whether 
loose particles of malachite or chrysocolla 
are to be dissolved and the copper carried 
down into the earth, or are to be swept like 
other detrital grains into the nearest stream. 

CHBOKOLOaXC BXLATION OF ENBICHMEKT TO 
OTHER aSOLOaiC EVENTS. 

The greater part of the enrichment in 
both the Ray and Miami districts is believed 
to have taken place before the deposition of 
the Whitetail formation, which is a land or 
continental accumulation of coarse detritus 
that underlies the dacite. The evidence upon 
which this conclusion rests will now be briefly 
summarized. 

In the Ray district the nearly horizontal 
base of the Whitetail formation on Teapot 
Mountain is at least 800 feet lower than the 
highest ^anite porphyry exposed on Granite 
Mountain within the area mapped on Plate 
XLV. The two localities are only a mile and 
a half apart, and the observed relation coidd 
scarcely exist had not the granite porphyry 
been exposed by erosion before the deposition 
of the Whitetail. 

Finally, the Whitetail formation on Teapot 
Mountain contains fragments of granite por- 
phyry identical with what was described 
on page 62 as the Teapot Mountain porphyry. 

It thus appears fairly certain that the 
region was profoundly eroded after the intru- 
sion of the granite porphyries associated with 
the ore and before the deposition of the 
Whitetail formation, or at least before the 
eruption of the dacite. The deposition of 



the protore, without much question, closely 
followed the intrusion of the porphyries. 
Consequently it must be concluded that it 
also must have been eroded, at least in part; 
and if so, enrichment probably took place. 

Spurr has estimated that from 467 to 575 
feet of rock must have been leached and re- 
moved to supply the copper in the Ray ore 
body. It has been shown that this estimate is 
more likely to be under than above the truth. 
Now, there can not be much question that the 
Whitetail formation once covered part if not 
all of the ore-bearing area of the Ray district. 
(SeePl.XLin,B.) The present base of this for- 
mation on the side of Teapot Mountain nearest 
to the ore body is from 2,700 to 3,000 feet 
above sea level. Humboldt Hill, under which 
is the thickest ore known in the district, stood, 
before it was undermined by stoping, at 2,616 
feet. Thus, should it be maintained that en- 
richment has taken place chiefly during the 
present erosion cycle, it would be difficult to 
show how sufficient rock could have been re- 
moved to yield the necessary copper. 

As already shown, the relation of the upper 
surface of the ore body to the present topog- 
raphy, while not so close as to suggest that en- 
richment and the development of that topog- 
raphy went hand in hand, is not such as to 
indicate in any very striking way that the two 
surfaces were independently developed. The 
result, in fact, is what might be expected if 
the principal enrichment took place before the 
deposition of the Whitetail formation, and if, 
since the stripping away of that formation, the 
process has been renewed and has made prog- 
ress commensurate with the comparatively 
small thickness of rock that has been eroded 
since the pre-Whitetail surface was uncovered. 

In the Miami district, on the other hand, 
the lack of parallelism between the top of the 
ore and the present surface is more striking. 
(See pp. 147-148.) The deepest ore in that dis- 
trict occurs where the surface is covered by 
dacite and Gila conglomerate, with possibly 
some of the Whitetail formation, which has a 
wide range in thickness and is not everywhere 
present between the dacite and the older rocks. 
Most of such ore, moreover, is below the present 
level of imdei^round water. These facts in- 
dicate not only that the enrichment took place 
before the dacite was poured out over the sur- 
face, but that the faulting and tilting that have 
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very plainly affected the dacite and Gila con- 
glomerate have greatly modified the formerly 
existing relation between the zone of enrich- 
ment and the level of "underground water. It 
is difl&cnlt to see how the deep ore of the Live 
Oak mine, buried under hundreds of feet of 
dacite and conglomerate and far below the 
present surface of the groxmd water, could have 
been enriched in its present situation. It 
should be pointed out, however, in this con- 
nection that not all the deep ore of the Live 
Oak ground is under dacite and Gila conglom- 
erate. As shown in figure 19 (p. 116), some of 
the ore covered only by porphjoy and schist is 
nearly 1,000 feet deep, so that the possibility 
of enrichment to at least that depth must be 
admitted, and this weakens the argument that, 
because other parts of the ore body now be- 
neath dacite and Gila conglomerate are very 
deep, the enrichment must have antedated the 
dacitic eruption. Nevertheless, it is not prob- 
able that the Live Oak enrichment could have 
taken place under the present conditions of 
topography and drainage. 

Recent drilling in the part of the Ray dis- 
trict east of Mineral Creek has shown the exist- 
ence of conditions there somewhat similar to 
those in the Live Oak area, but detailed infor- 
mation concerning this exploration is not avail- 
able. 

Additional evidence that the enrichment 
probably took place before the eruption of the 
dacite is furnished by the occurrence, imder 
the dacite, of oxidized and enriched ore^ to a 
depth of at least 1,600 feet in the western part 
of the Old Dominion mine, near Globe. 

Although it is believed that there is sufficient 
evidence to demonstrate that most of the en- 
richment was effected before the eruption of 
the dacite, the process doubtless did not cease 
permanently with the lava outflow. A later 
period of active erosion, tentatively assigned 
to the early Quaternary, is recorded by the 
Gila conglomerate. In places, as shown by 
outhers of the conglomerate on granite por- 
phyry and schist in the Miami district (see 
PL XXXIX), the older rocks in part of the 
area occupied by the ore bodies appear again 
to have been exposed to erosion, and presum- 
ably some further enrichment took place. 
Finally, with the removal, in late Quaternary 
time, of the Gila conglomerate from much of 
the ore-bearing groxmd in the Ray and Miami 



districts, erosion once more attacked the metal- 
Uzed schist and porphyry. In all probability 
enrichment was resumed and, except in those 
parts of the ore bodies that have been carried 
by postdacite j;nd postrGila faulting below the 
present level of xmderground water, has con- 
tinued to the present time. This later enrich- 
ment, however, is thought to have been of 
httle importance in comparison with the residts 
achieved in the much longer period of erosion 
that preceded the dacite outflows. 

FBOBABLE CLDCATIC CONDITIONS. 

The only clew to climatic conditions imme- 
diately antecedent to the dacite eruptions is 
given by the Whitetail formation. The fact 
that this in many places is composed largely of 
angular fragments of diabase — a rock which in 
a himiid climate would readily disintegrate 
into soil — vindicates that at least moderate 
aridity prevailed. The character of the de- 
posit, also, suggests that although water was 
at times abundant it was more fitful and vio- 
lent in its action than in humid regions. 

BELATION BETWEEN ENBICHHSNT AND FOB- 
MSB TOPOOBAPHT. 

The coarseness of the material of the White- 
tail formation and the great and local variations 
in the thickness of that deposit are indicative of 
a surface of fairly strong relief, although per- 
haps not as rugged as that of to-day. It is not 
possible, however, from data so scanty to recon- 
struct that surface in imagination or to ascer- 
tain the particular relation that formerly 
existed between it and the ore. 

INFLUENCE OF GEOLOGIC STBUCTtntE. 

The effectiveness of enrichment, like that of 
hypogene deposition, is conditioned upon per- 
meability of the metallized rocks. Conse- 
quently any structural features that facilitate 
the descent of air and oxygenating watere into 
the earth favor enrichment, while, on the other 
hand, unusual closeness of rock texture or the 
presence of flat-lying impervious seams of 
gouge tend to prevent or limit enrichment. 

Ilie schist in which the greater part of the 
ore occurs is so uniform in character that it has 
not proved possible to subdivide it into units 
such as might serve for determining the maimer 
in which this rock has been folded, squeezed, 
and faulted since it lay as a sedimentary deposit 
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at the bottom of a pre^ambrian sea. For all 
practical purposes, as regards ore deposition, 
the schist apparently may be considered as 
homogeneous material. The porphyry is also 
homogeneous. Consequently, as concerns these 
two rocks, the only structural elements that 
may have influenced enrichment are fissiu'es and 
the contacts between the schist and porphjoy or 
diabase. 

Undoubtedly enrichment has been favored by 
fissuring, the ore in well-fractured rock being 
as a rule of better grade and thicker than else- 
where. It is not always the larger and more 
conspicuous fissures, however, that are the 
most effective channels for enriching solutions. 
Much of the downward migration of copper has 
taken place through small irregular cracks such 
as generally accompany the laiger fractures. 
These lai^er fractures may contain relatively 
impervious gouge and thereby hinder rather 
than facilitate the movement of underground 
water. On the side of such a gouge upon 
which the enriching solutions impinge the ore 
may be exceptionally good, while on the other 
side little or no enrichment may have taken 
place. Enrichment, however, is not necessar 
rily on the upper side of an inclined gouge seam ; 
for although the enriching solutions are gener- 
ally descending and the process may conse- 
quently be referred to as supergene, neverthe- 
less not all the water sinks directly downward. 
It is quite possible for meteoric water, through 
certain relations of a gouge-filled fissiu^e to the 
topographic surface or to other fissures, aided 
by differences in the amoimt of fracturing that 
different parts of the rock mass have imder- 
gone, to find its way more readily and more 
abimdantly to the f ootwall side of a gouge than 
to the hanging wall and to move there imder local 
artesian conditions. In this way are probably 
to be explained those occasional drill records 
which show an inversion of the usual sequence — 
those, for example, in which ore occurs under 
pro tore or "capping" under ore. Such occur- 
rences, as will presently be shown, indicate 
that enrichment was effected chiefly in a zone 
or layer of rock above any general level of 
undergroimd water. 

It has already been noted that some of the 
best portions of the ore bodies at Miami and 
Ray occur where the schist is cut by small 
bodies of porphyry, either projecting from the 
main mass or as detached masses and dikes. 



It has been concluded i;hat the existence of 
these bodies probably favored the deposition 
of protore. It is even more likely that they 
contributed materially to the effectiveness of 
the enriching processes. Their' influence, so 
far as known, was not chemical but was due 
to the fact that by their presence fracturing 
of the rocks under stress was facilitated. 

Probably the most notable example of the 
local influence of a contact in determining 
enrichment is the relation between the ore 
and diabase in the No. 1 and No. 3 mines of the 
Ray Consolidated Copper Co. This relation 
has been described on page 150. A consider- 
able part of the ore in both of these mines 
rests on an intrusive sheet of diabase, appar- 
ently because the action of enrichment was 
stopped by the layer of gouge that generally 
accompanies the upper sm^ace of the diabase. 
The diabase carries rather more copper than 
the average protore, and there is no apparent 
reason why it should not be as susceptible of 
enrichment as schist or porphyry. That it 
was not enriched in this place and that the 
schist just above it was converted into excep- 
tionally good ore are apparently physical con- 
sequences merely of the form and character of 
the contact between schist and diabase. 

INFLUENCS OF COXTNTBY BOCK. 

Such facts as have been gathered do not 
'indicate any marked difference in the suscepti- 
bility of metallized schist, granite porphyry, 
or diabase to enriching action except such 
differences as have just been mentioned as 
probably due to structure. Assays as a rule 
afford no clue to indicate whether the ore is 
enriched schist or enriched porphyry, as may 
be well seen in the Miami mine, where a 
porphyry dike is included in the ore body, or 
in the No. 1 mine at Ray, where irregular 
bodies of porphyry occm* in parts of the work- 
ings. Whether the diabase can be enriched as 
well as the schist and porphyry remains to 
be established. The lack of enrichment in 
certain masses of that rock in the No. 1 and 
No. 3 mines at Ray, as already stated, is 
believed to be due to structural features rather 
than to inherent insusceptibility of the diabase 
to enriching action. Both porphyry and dia- 
base are more readily decomposed than schist, 
and the decomposed material tends to crush 
into soft claylike material or gouge, probably 
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less pervious than fractured schist. The pres- 
ence of such material in a rock mass, unless in 
extensive fiasiu-es with low angles of dip, is 
not likely to inhibit enrichment but may have 
the effect of ^making the ore less uniform in 
grade than in the schist. 

BELATIOK OF ENRICHMENT TO QBOUND-WATEB 

SXJBFACB. 

Spencer * in his report on the Ely district 
brings out in a striking way the inadequacy 
of rain water to carry enough dissolved oxygen 
to effect the observed enrichment of the 
deposits and concludes that 'Hhe greater part 
of the oxidation must tako place when the 
sulphides are merely moist rather than when 
they are flooded, because then the water could 
receive oxygen from the air in contact with it 
at the same rate at which oxygen was being 
taken out of solution by the reactions of 
oxidation." The facts in the Ray and Miami 
districts fully support this conclusion. Even 
when all allowance is made for the effect of 
faulting and tilting of the ore bodies since the 
major enrichment took place, it is difficult 
to reconcile the irregularities of the upper and 
lower surfaces of the ore with the supposition 
that chalcocitization took place only near the 
then existing water table. Conditions favoring 
the maximum deposition of chalcocite appear 
to be a generally deep water table with suffi- 
cient precipitation to furnish slow percolation 
through the rocks above it but not enough to 
supply a rapid underground outflow. Under 
such conditions the percolating water will be 

^^^^ ' ■■ ■ ■■■■■■■ ^^^^^ ■ ■ I ■ ■ 

1 Sx)encer, A. C, The geology and ore depodta of Ely, Nev.: U. S. 
Oool. Surrey Prat Taper Q6» pp. 80-81, 191A. 



rich in soluble constituents and of high chemi- 
cal activity, and deposition of chalcocite will 
take place throughout a rather irregular but 
on the whole fairly thick layer of rock. 

The water table is Ukely to be both irregular 
and indefinite. Where the atmosphere as well 
as oxygen-bearing water participates in the 
reactions the oxidation of finely disseminated 
pyrite is likely to give rise to SO,, and this 
reducing agent by converting cupric sulphate 
to cuprous sulphate accelerates the deposition 
of chalcocite, ^ has been shown by YFinchell.* 
That, when finely disseminated pyrite is 
oxidized, SO, may form in considerable abun- 
dance without immediate conversion into sul- 
phuric acid is shown by the characteristic 
pungent odor of this gas in the vicinity of 
certain pyritic mine dumps and in some dis- 
used superficial mine openings. It is, of course, 
not a stable constituent, and any chemical 
effect produced by it is likely to be dose to its 
point of origin. Nevertheless, it is probable 
that when oxidation and enrichment are going 
on in moist rock penetrable by air SO, plays an 
important part in enrichment. Although the 
reducing action of this gas accelerates enrich- 
ment, the reaction produces sulphuric acid, 
which tends to retard enrichment if the acid 
remains free. In many places, however, there 
will be compounds present that will react with 
the free sulphuric acid to form sulphates. 
This complexity of composition of a natural 
deposit makes it difficult, as previously pointed 
out, to make confident field application of 
some of the laboratory results. 

s Wlnchell, n. V., Synthesis of chalcocite and Its genesis at Butte, 
Moat.: Qeol. Soc. Axnezica Bull., vol. 14, p. 273, 1903. 
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Certain surface features, not only in the two 
districts here described but elsewhere in arid or 
semiarid regions, are generally recognized as 
indicating the presence of copper ores due to 
enrichment. Given the fundamental associa- 
tion of a granitic rock, usually a granitic 
porphyry, intrusive into rocks favorable for 
pyritic dissemination and subsequent enrich- 
ment, the most obvious suggestion of the 
existence of ore is likely to be a general rustiness 
of the rock outcrops, due to the presence of 
limonite, and probably other hydrous oxides 
of iron, left behind in the oxidation of pyrite. 
E2xperience seems to show that intense redness 
is not a very favorable sign. At what are 
called the Bed Hills north of Ray and in the 
part of the Miami district just west of the No. 3 
shaft of the Miami mine drilling has shown 
practically no enrichment or only thin and 
low-grade ore beneath the conspicuously red 
surface. On the typical surface above an ore 
body the. prevailing hue is brown or yellow, the 
general effect produced by the presence of iron 
oxide as films on or along innumerable fractures 
in a rock that has itself been bleached nearly 
white. Although it is possible that enriching 
solutions may have moved laterally and in 
some places accomplished enrichment beneath 
rock that does not at the surface show any 
notable oxidation or leaching, yet it is very 
doubtful whether any large masses of ore occur 
in such situations. This, of com^e, does not 
mean that ore may not be foimd xmder im- 
altered rocks that are younger than the period 
of hypogene mineraUzation or that may have 
been shoved by faulting over previously metal- 
lized rock. 

In attempting to estimate the probability 
of the existence of ore under an oxidized sur- 
face, search should be made for the presence of 
quartz stringers in the oxidized material. 
Abundant small quartz stringers indicate that 
the rock was at one time fissured and permeable 
and that it has been traversed by silica-bearing 
solutions such as might have deposited cuprif- 
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erous sulphides. If the quartz shows cavities 
recognizable as having once been filled by 
pyrite, the probability of the presence of an 
ore body is increased. 

The surface may not everywhere show the 
presence of copper minerals, such as malachite 
or chrysocoUa, but in both the Ray and the 
Miami districts there are places where before 
any prospecting was done the rocks displayed 
unmistakable evidence, in the fonn of green 
stains, that copper-bearing solutions had been 
active. 

Experience at Miami shows that the possi- 
bility of considerable changes in undergroxmd 
water level since the ores were deposited must 
be kept in mind. It can not, for example, 
be safely concluded, unless the geologic history 
of the district is well known, that if water is 
reached at a depth of only 100 feet enrichment 
in a zone above water level could not have 
gone on in rocks now far below the present 
water table. 

The conclusion reached with regard to the 
Miami and Ray ores that enrichment took 
place before the accumulation of the White- 
tail formation carries the very important corol- 
lary that ore may occur under this and the 
two later formations, the dacite and the Gila 
conglomerate. Such a possibility obviously 
opens the door for ventures of highly specula- 
tive character, although consideration of all 
available geologic facts must show that the 
possibilities of the occurrence of ore are much 
better under certain areas of conglomerate or 
dacite than imder others. For example, there 
is nothing to indicate the presence of ore under 
the large area of Gila conglomerate southeast 
of the Miami district, between Globe and the 
main Pinal Range. On the other hand, the 
manner in which the Miami ore body ends at 
the Miami fault, considered in connection with 
the occurrence of the Old Dominion and other 
copper deposits due east of the Miami ore body 
and on the other side of the conglomerate area, 
suggests that an attempt to explore the inter- 
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vening area by drilling through the conglom- 
erate, dacite, and possibly some of the White- 
tail formation would be by no means a forlorn 
hope. As noted on page 96, the Miami Cop- 
per Co. attempted to drill through the con- 
glomerate but had to abandon the hole at 
2,050 feet without having reached the ore- 
bearing schist or porphyry. The Old Domin- 
ion Co. also bored some holes west of Pinal 
Creek. One of these, 1,000 feet deep, pene- 
trated the Gila conglomerate and was aban- 
doned in the Madera diorite. It is possible, 
however, that this is some of the same broken 
overthrust material exposed at the base of the 
Gila conglomerate near the Old Dominion 
mine and is not in its normal position in rela- 
tion to younger rocks.* If so, the hole if con- 
tinued deeper might go through dacite and 
possibly into ore, although this comment is 
not made as a prediction. The Van Dyke 
Copper Co. has also begim to explore by drill- 
ing the conglomerate-covered groimd just 
south and east of the property of the Miami 
Copper Co. Although the outcome of the 
explorations mentioned in this paragraph is 
highly problematic, none of the efforts are 
without reasonable expectation of possible 
success. 

The search for ore imder the Gila conglom- 
erate between Miami and Globe would be 
greatly facilitated if the direction and amoimt 
of displacement on the Miami fault were 
known. The present investigation gave no 
clew to this much-desired information, and 
although special study devoted to this par- 

1 Ransome, F. L., Q«olQgy at Globe, Axit.: Min, and Sd. Press, vol 
100, p. 257, 1010. 



ticular problem might possibly lead to its 
solution, it is difficult to see what line of attack 
would be likely to yield definite results. One 
suggestion is that a careful study be made to 
determine the character and amount of the 
displacement of the main porphyry dike in the 
Miami workings. This is cut off, of course, 
by the Miami fault, and it is as difficult to 
predict where its eastern continuation may be 
found as to determine the position of a possible 
continuation of the Miami ore body beyond 
the fault. The dike, however, is crossed by 
other faults in the f ootwall of the Miami fault, 
and by doing a little additional development 
work imder the direction of a geologist it should 
be possible to determine how the dike has been 
shifted by these faults. Probably the move- 
ment along the Miami fault has been of the 
same kind and direction as that in the minor 
faults in its f ootwall, and data obtained in the 
manner shown would at least indicate whether 
the search for ore east of the fault is more 
likely to succeed to the north or south of the 
latitude of the known ore. 

Those planning to drill would also like to 
know the thickness of the Gila conglomerate 
and dacite overlying the older rocks at any 
locality selected for operations. There appears 
to be no way to determine this except by actual 
drilling. The conglomerate covered an uneven 
surface and is known to be exceedingly variable 
in thickness. It contains, so far as known, no 
persistent stratum that can be recognized over 
large areas, and consequently there is nothing 
in the appearance of the deposit at any par- 
ticular place to indicate how much more 
conglomerate lies below it. 



Glossary.' 



Alblte* An end member of the plagiodase series of 
feldspazB, the one containing no calcium and con- 
sisting of sodium-aluminum silicate. Sodium feld- 
spar. Less common than the intermediate members, 
which may be considered as mixtures of albite with 
the other end member, anorthite. 

AOantte. A comparatively rare mineral closely related 
to common epidote and occurring generally as a 
microscopic constituent of igneous rocks. It contains 
a number of the rarer elements. 

Allotriomorphie. See Anhedral. 

AUnyial fan. The outspread sloping deposit of boulders, 
gravel, and sand left by a stream where it passes from 
& goigo out upon a plain or open valley bottom. 

Alunlte. A white or light-colored, generaUy soft, and 
earthy mineral consisting of hydrous sulphate of po- 
tassium and aluminum. Closely resembles kaoUnlte 
and occurs in similar situations. Generally, the result 
of the action of water containing sulphuric acid on 
feldspathic rocks, as when pyrite in granite porphyry 
is oxidized. Where abundant, utilized as a source of 
alum or potash. 

Amphibole. A large group of rock-making silicate min- 
erals of a wide range of color and composition. The 
group is related in various ways to the pyroxene 
group. Hornblende is a common member of the 
amphibole group. All amphiboles have a charac- 
teristic cleavage along two sets of planes, one meeting 
at angles between 54^ and 56^ and the other between 
124*> and 126^. 

Andalusite. A light-colored, usually white, pink, or 
gray mineral of elongated prismatic form common in 
rocks that originally contained clayey material and 
have been metamorphosed by intrusive igneous rocks. 
A silicate of aluminum. Crystals often rough and, 
iiTQgular in form. 

Andeslne. One of the plagloclase group of feldspars. A 
silicate of sodium, calcium, and aluminum, in which 
the sodlmn is in excess of the calcium. Generally 
white and not often identifiable without the micro- 
scope. An abundant constituent of andesite and 
diorite. 

Andesite. A lava of widespread occurrence, usually of 
dark-gray color and intermediate in chemical com- 
position between rhyolite and basalt. 

Anhedral. Applied to a crystal without crystal planes, 
and consequently of rounded or irregular outline. 
Same as xenomorphic or allotriomorphie. 

Anorthite. An end member of the pkgioclase feldspar 
series, the one consisting of calcium-aluminum silicate 
and containing no sodium. The intermediate plagio- 
clases may be regarded as mixtures of anorthite with 
the other end member, albite. 

1 This glossary of terms that may be unfamiliar to some readers of the 
report, is, of course, not prepared for geologists or for mining engineers 
with geologic training. They will realize that full and accurate explana- 
tion of most scientific terms in familiar language is imixMsible. The 
best that can be boi>ed for is a rough approximation to the truth. 



Anticline. An arch of bedded or layered rock suggestive 
in form of an overturned canoe. (Ste dUo Dome and 
Syncline. ) The term has reference to the structure of 
the rocks, not to the form of the land surface. 

Apatite. A mineral composed chiefly of calcium phos- 
phate, in small six-sided prisms. A conmion but not 
abundant constituent of many igneous rocks. Gener- 
ally microscopic. 

Aphanitie. Having a texture so fine that the individual 
grains or crystals can not be distinguished with the 
naked eye. 

Arkose. A sedimentary rock composed of mineral par- 
ticles derived from disintegrated granitic rock and 
present in approximately the proportions that they 
had in the igneous rock. Arkose is often difficult to 
distinguish from granite by the eye alone. 

Arkosic. Having wholly or in part the character of 
arkose. 

Augite. A common rock-forming mineral, generally 
black and in short stout prismatic crystals. An es- 
sential constituent of diabase and basalt. Laigely a 
silicate of calciiun, magnesium, iron, and aluminiun, 
but composition is complex and variable. Distin- 
guishable from hornblende by its two sets of cleavage 
planes meeting nearly at right angles, as compared 
with the oblique cleavage angles of hornblende. See 
also Hornblende. 

Asurite. The mineral form of the blue carbonate of 
copper containing a little less copper and water than 
malachite. 

Basalt. A conmion lava of dark color and of great fluidity 
when molten. Basalt is less siliceous than granite 
and rhyolite and contains much more iron, calcium, 
and magnesium. 

Biaxial. Applied to crystals whose molecular structure 
and behavior toward light are not completely sym- 
metrical about any single line or axis. As explained 
under "birefringence," a beam of ordinary (unpolar- 
ized) light on entering any crystal not of the isometric 
system is split into two beams, which, in most direc- 
tions within the crystal, travel with different speed. 
In a biaxial crystal, however, there are two directions 
or optic axes (hence the name) along which the two 
beams travel with the same speed and consequently 
emerge without birefringence. Most of the common 
rock-forming minerals are biaxial. 

Biotite. The common black mica present in many 
granitic rocks and in metamorphic rocks. A complex 
silicate of hydrogen, potassiiun, iron, alimiinum, and 
other elements. 

Birefringence. The property possessed by crystals 
belonging to other than the isometric system of split- 
ting a beam of ordinary light into two beams which 
traverse the cxystal at different speeds and as they 
pass out of it produce characteristic optical effects 
that are recognizable with the proper instruments or, 
in some cases, by the eye alone. Birefringence is 
also known as double refraction. 
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Bolson (pronounced bowl-eownO- A flat-floored deeert 
valley that drains to a central evaporation pan or 
pla3ra (pronounced nearly plah^-yah). 

Bornite. A sulphide of copper and iron having when 
freshly broken a characteristic metallic brown tint 
which soon changes, on exposure, to various bright 
colon. From the latter circumstance the mineral 
gets one of its common names^ ' * peacock oro . ' ' Born- 
ite contains about 55 per cent of copper, 16 per cent 
of iron, and 28 per cent of sulphur. 

Brachlopods (Brachiopoda). A class of marine shelled 
animals very abundant in past geologic ages but 
represented by few species in the present seas. 

Breccia (pronounced brotch^a). A mass of naturally 
cemented angular rock fragments. Breccias are of 
various kinds. Some are formed by the crushing of 
the rock along a fault, some by explosive volcanic 
eruptions, and others have been deposited by running 
water where the fragments were not carried far enough 
to round them. The Gila conglomerate grades into 
material that is nearly or quite a breccia of the last 
kind mentioned. 

Galclte. The most abimdant mineral form of calcium 
carbonate. A white or light-colored mineral, easily 
cut with a knife and cleaving perfectly in three direc- 
tions along planes that meet obliquely. Calcite is 
the chief constituent of limestone and marble, is a 
product of the weathering of most igneous rocks, and 
occurs in many veins. 

Cartographic. Pertaiidng to a map. In geology a 
cartographic unit is a rock or group of rocks that is 
shown on a geologic map by a single color or pattern. 

Chalcedony. The form of silica whidb, when artificially 
colored, is familiar to all as agate. It is very finely 
crystalline quartz with sometimes more or less opal 
and other less common forms of silica also present. 
In the Miami district some of the chalcedony, deli- 
cately colored by chrysocoUa, has been used as a gem. 

Chalcoclte. A mineral composed of sulphide of copper 
and containing about 80 per cent of copper and 20 
per cent of sulphur. Chalcodte is what is known to 
chemists as the cuprous sulphide of copper, in which 
two atoms of copper are combined with one atom of 
sulphur, whereas the blue sulphide of copper, covel- 
lite, is the cupric sulphide containing one atom of 
copper to one atom of sulphur, or 66.4 per cent of cop- 
"per to 33.6 per cent of sulphur. Ohalcocite is of 
metallic appearance when freshly broken and of dark 
lead-gray color. It is easily cut with a knife. The 
mineral is the characteristic and most valuable prod- 
uct of the downward enrichment of copper ores and is 
the chief sodrce of copper in the Ray and Miami dis- 
tricts. 

Chalcopyrlte. A brass-yellow mineral consisting of sul- 
phide of copper and iron. It contains 34.5 per cent 
of copper, 30.5 per cent of iron, and 35 per cent of 
sulphur. A common source of copper and probably 
the mineral from which much of the copper in the 
Ray and Miami ore bodies was originally derived. 
Distinguishable from pyrite by its greater softness, 
being easily cut or scratched with a knife. 

Chalcotrlchite. A variety of cuprite in which the crys- 
tals are slender and hairlike. 



Chlorite. A group of soft green mica-like minerals com- 
mon in schists formed from igneous rocks and as de- 
composition products of biotite, augite, and other 
minerals. 

ChrysocoUa. A mineral consisting of hydrous silicate 
of copper and containing about 36 per cent of copper 
and 20 per cent of water. Crenerally green or blue- 
green, in curved layers suggestive of the structure of 
agate. A product of the oxidation of sulphides con- 
taining copper. Some varieties are brown or black 
in consequence of impurities such as manganese oxide. 

Cleavage. In mineralogy the property poesesBed by some 
crystals of splitting in certain definite directions, the 
result of the break being flat Surfaces whose smooth- 
ness or polish varies in different crystals but is always 
the same for the same direction of splitting in crystals 
of the same substance. Cleavage is always parallel 
with some crystal face, and a particular cleavage is 
designated with reference to that face. Galena, for 
example, is said to have a cubic cleavage, for it breaks 
into right-angled blocks each side of which is parallel 
with the face of the cube, a common oystal form of 
the mineral. The familiar mineral quartz has no 
cleavage and breaks irregularly, like glass. The cleav- 
age of minerals is a highly characteristic property and 
is very useful in identifying them. 

Clinochlore. A green mica-like mineral belonging to the 
chlorite group. 

Continental deposits. Sedimentary deposits laid down 
within a general land area and deposited in lakes or 
streams or by the wind, as contrasted with marine 
deposits, laid down in the sea. 

Corraslon. The mechanical wearing away of rocks by 
running water. The Grand Canyon of Arizona is a 
magnificent example of work done mainly by corra- 
sion. 

Correlation. In geology, the age relationships between 
the rocks of different areas; especially, wiUi refcience 
to stratified rocks, the relation of having been de- 
posited at approximately the same time or by processes 
continuously in operation, under identical conditions, 
from one area to the other. Fossils constitute the 
chief evidence in problems of correlation. For 
example, the Devonian limestone in the Ray-Miami 
region contains the same fossils as the Martin lime- 
stone at Bisbee, and as these fossils are thoroughly 
characteristic of Devonian marine life it is safe to 
conclude that the beds in the two areas were deposited 
at about the same time and probably in the same sea. 
The Scanlan conglomerate, if the supposition that it is a 
marine wave-worked deposit is correct, was laid down 
along the shore of an advancing sea and was thus de- 
posited progressively and continuously under identical 
conditions from one area to another. Correlation in 
the one case is established principally by fossils; in 
the other, principally by the physical character of 
the deposit and its relation to beds above and below it. 

Corundum. A mineral consisting of crystallized oxide 
of aluminum. Exceeded in hardness only by the 
diamond. In the Ray-Miami region known only as a 
microscopic constituent of some schists. 

CoTellite. An indigo to dark-blue mineral consisting of 
cupric sulphide. See also Chalcocite. 
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Crinolds (Crinotdes). A class of stemmed, flower-like 
marine animals Inhabiting generally rather deep 
water. Popularly known as sea lilies. 

Cross-bedding. An oblique or inclined layering in 
some sedimentary rocks which may form a consideiv 
able angle with the true bedding planes. Croas- 
bedding is especially characteristic of sands deposited 
by streams or by winds. 

Crystal. Most matter, when it passes from a dissolved 
or melted state into the solid state, tends to form 
regular faceted or flat-faced bodies known as crystals — 
that is, it tends to crystallize. The resulting solid 
mass may be a single crystal or an aggregate or group 
of crystals. If the passage from the melted to the 
solid condition is too rapid crystals may not have 
time to form, and the product is a glass. Each crystal 
is a little structure or miniature building in which the 
blocks, invidble particles of matter tenned molecules, 
are arranged in a perfectly definite way that is always 
the same for each kind of crystal. Every substance, 
moreover, capable of crystallizing has its own set of 
crystal forms that are unlike those of any other sub- 
stance. As a result of its definite molectilar struc- 
ture a crystal is bounded by certain regular planes or 
facets which are the outward expression of its inner 
structure. Even if these faces are worn or broken 
off and only an irregular grain remains, the mineralo- 
gist by special methods can find out the structure 
of this grain and tell what its original crystal form* 
must have been. A quartz crystal, for example, may 
be ground and polished into a ball, but the mineralo- 
gist can readily ascertain, by various means which 
can not be described here, that th^ ball is not glass 
but has the crystal structure of quartz and therefore 
must be quartz. The crystals in an igneous rock, 
like granite, may have so crowded one another in 
growing that all are packed together as closely fitting 
irregular grains with no crystal faces; yet the petrog- 
rapher by the use of the microscope can tell from the 
structure of each grain what its general crystal form 
would have been had it been given ample space to 
develop. 

As has been intimated , crystals grow. They do not, 
however, like plants and animals, absorb nutriment 
and build it into their bodies from within. On the 
contrary, they grow by adding one thin layer after 
another to their outer surface. 

The chief regularity in the outward form of a crystal 
consists in the fact that the angle at which one face 
meets another face is always the same for certain 
aystal forms and is always the same between corre- 
sponding pairs of faces on all crystals of the same sub- 
stance. For example, the mineral cuprite, the red 
oxide of copper, sometimes ctystallizes as cubes. All 
six faces of such cubes may be true squares, but more 
commonly they are oblong and the crystal may be 
so slim as to resemble a hair more than a cube. Never- 
theless, each of the six faces will be found to meet its 
neighbors exactly at right angles, and the hairlike 
crystals are mineralogically cubic, although not 
geometrically so. Again, as is well known, quartz 
forms sharp-pointed crystals. The shape and size of 
the triangular faces that come together to make the 
point may vary greatly in different crystals, but the 



angle over the point, or the sharpness of the point, 
is always exactly the same in all crystals of quartz. 

Crystals are divided, in accordance with the kind 
of symmetry shown by their structure, into six systems 
or, more in detail, into thirty-two classes. For ex- 
ample, the isometric system includes those crystals in 
which there are three imaginary lines or axes at right 
angles about which every particle of matter in the 
crystal is symmetrically arranged. The cube and the 
octahedron are common isometric forms. In the hex- 
agonal system everjrthing in the crystal is completely 
symmetrical about a single axis, and the crystals 
belonging to this system are generally long or pris- 
matic with hexagonal cross sections. Quartz is 
hexagonal. 

Crystalline rock. A rock composed of closely fitting 
mineral crystals that have formed in the rock sub- 
stance, as contrasted with one made up of cemented 
grains of sand or other material or with a volcanic glass. 

Cuprite. The naturally occurring red oxide of copper, 
containing about 11 per cent of oxygen and 89 per cent 
of copper. Usually crystallizes in small cubes or octer 
* hedrons, or combinations of these forms. 

CycHc. Applied to any action or process that after 
going through a certain course or accomplishing a 
definite order of changes begins again the same course 
or order, and so on indefinitely until some new in- 
fluence stops or changes the action. 

Deformation. In geology any change in the original 
shape of rock masses. Folding and faulting are com- 
mon modes of deformation. 

Deltaic deposits. Sedimentary deposits laid down in a 
river delta. 

Denudation. In geology, the same as erosion, although 
there has been an effort by some to restrict the term 
to the stripping away of overlying material from some 
particular rock or suj*face. See also Erosion. 

Devltrlflcatlon. In geology the change from a clear 
volcanic glass to a dull opsique rock as the result of 
the growth of innumerable minute crystals within the 
glass. Under suitable conditions and with sufficient 
time any glass will crystallize and lose its trans- 
parency. 

Diabase. A dark, heavy intrusive rock having the same 
composition as basalt but, on account of its slower 
cooling, a more crystalline texture. (See also Oj^tic 
texture.) Its principal constituent minerals are 
feldspar, augite, and usually olivine. Olivine is 
easily changed by weathering and in many diabases 
is no longer recognizable. 

Differentiation. The process or processes whereby 
cooling magma separates into rocks of different kinds, 
usually connected by gradations. The causes of such 
variations, or differentiation facies, as they are 
called, have been much discussed and are not yet 
fully understood. 

Dike. An upright or steeply dipping sheet of igneous 
rock that has solidified in a crack or fissure in the 
earth's crust. 

DIopslde. A light-colored member of the pyroxene 
group, to which augite also belongs. Chiefly a 
silicate of cal(dum and magnesium. Color generally 
white or pale green. 
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Dtorite. An even-grained intrusive igneous rock con- 
sisting chiefly of the minerals feldspar, hornblende, 
and very commonly black mica. If the rock contains 
considerable quartz, it is called quartz diorite. 
Quartz diorite resembles granite and is connected 
with that rock by many intermediate varieties, 
including quartz monzonite and granodiorite. The 
feldspar in diorite differs from that in granite in con- 
taining calcium and sodium instead of potassium. 

Dip. The slope of a rock layer, vein, or fissiure, measured 
by the angle made with a horizontal plane. See aUo 
Strike. 

Dissected. Cut by erosion into hills and valleys or into 
flat upland areas separated by valleys. Applicable 
especially to plains or peneplains in process of erosion 
after an uplift. See Dissection. 

Dissection. In geology, the work of erosion in destroying 
the continuity of a relatively even surface by cutting 
ravines or valleys into it. 

Dolomite limestone. A limestone containing besides 
the mineral calcite (calcium carbonate) a considerable 
proportion of the mineral dolomite (calcium-mag- 
nesium carbonate). A magnesian limestone. 

Dome. Rock layers or beds bent into a short anticline, 
suggestive of an inverted basin. 

Dmsy. Coated or lined with closely set, projecting 
crystals. 

Epidote. A mineral silicate consisting chiefly of calcium, 
aluminum, and iron, generally of a peculiar yeUow- 
green color and of prismatic crystal form. A common 
product of rock alteration and so what is generally 
termed a secondary mineral. It may occur in lime- 
stone as a result of metamorphism by an intrusive ig- 
neous rock. 

Erosion. The group of processes whereby earthy or 
rocky material is loosened or dissolved and removed 
from any part of the earth's surface. It includes the 
processes of weathering, solution, corrosion, and trans- 
portation. The mechanical wear and transportation 
is effected by running water, waves, moving ice, or 
winds, which use rock fragments to pound or grind 
other rocks to powder or sand. See also Denudation. 

Erosion surface. A land siu*face shaped by the disin- 
tegrating, dissolving, and wearing action of streams, 
ice, rain, winds, and other land and atmospheric 
agencies. 

Eruptive rock. A rock poured out from a volcano or a 
volcanic vent as molten lava or as a hot mud flow. 
Lava. An extrusive, effusive, or volcanic rock. 
Eruptive rocks may flow over a land surface or over 
a sea bottom. Bocks composed of volcanic fragments 
blown into the air from a volcano are often classed as 
eruptive or volcanic rocks, but although their material 
is volcanic their mode of deposition ftt>m air or water 
allies them ver^' closely to the sedimentary rocks. 
There are gradations between such fragmental vol- 
canic rocks and ordinary sandstones. 

Euhedral. Denoting a crystal that is well faced or com- 
pletely bounded by crystal planes. Same as auto- 
morphic, or idiomorphic. 

Eutaiitlc. Applied to the streaky texture of some glassy 
lavas in which included fragments of lava, while still 
hot and plastic, have been drawn out into streaks by 
the motion of the lava flow. 



Fades. Variety; especially applied to an igneous rock 
that in some respects is a departure from the normal 
or typical rock of the mass to which it belongs. Thus 
a mass of granite may grade into porphyritic facies 
near its borders. 

Fault. A movement or displacement of the rock on one 
side of a fracture in the earth's crust past the rock on 
the other side. If the fractiure is inclined and the 
rock on one side appears to have slid down the slope 
of the fracture the fault is termed a normal fault. If, 
on the other hand, the rock on one side appears to 
have been shoved up the inclined plane of the break 
the fault is termed a reverse fault. 

Fault block. A part of the earth's crust bounded 
wholly or in large part by faults. 

Fault scarp. The cliff formed by a fault. Most fault scarps 
have been modified by erosion since the feiulting. 

Fauna. The animals that inhabited the world or a par- 
ticular region at a certain time. 

Feldspar. A group of light-colored, mostly white rock- 
forming silicate minerals, chiefly silicates of potas- 
sium and aluminum, or of sodium, calcium, and 
aluminum in various proportions. 

Felsic. A short term applicable to the group of felds- 
pathic minerals and quartz and to the rocks composed 
predominantly of theee minerals. See aho *' Mafic." 

Flbrolite. A mineral of the same composition as andalu- 
site, which it closely resembles in crystal form, al- 
though generally in more slender crystals. 

Fissile. Splitting readily into thin sheets, like shale, 
slate, or some kinds of schist. 

Fissure. An extensive crack, break, or fracture in the 
rocks. A mere joint or crack persisting only for a few 
inches or a few feet is not usually termed a fissure by 
geologists or miners, although in a strict physical 
sense it is one. 

Flood plain. The nearly level land that borders a stream 
and is subject to occasional overflow. Flood plains 
are built up by sediment left by such overflows. 

Flora. The assemblage of plants growing at a given time 
or in a given place. 

FluTiatlle deposits. Sedimentary deposits laid down 
by a river or stream. The Gila conglomerate is a 
fluviatile deposit. 

Fold. A bend in rock layers or beds. Anticlines and 
synclines are the common types of folds. 

Formation. A rock layer, or a series of continuously de- 
posited layers grouped together, regarded by the 
geologist as a unit for purposes of description and map- 
ping. A formation is usually named from some place 
where it is exposed in its typical character. For 
example, Troy quartzite, Pinal schist. 

Fossil. The whole or any part of an animal or plant that 
has been preserved in the rocks, or the impression left 
by a plant or animal. This preservation is invariably 
accompanied by some change in substance, and in 
impressions the original substance has all beenre* 
moved. 

Galena. The mineral sulphide of lead, containing, when 
pure, 86.6 per cent of lead and 13.4 per cent of sulphur. 
A metallic lead-gray mineral recognizable by its color, 
weight, and softness and the feet that when crushed 
it breaks into little cubes (cubic cleavage). A very 
important ore of lead. In many places it contains 
silver. 
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Garnet. Ckimmonly a brown or red mineral in crystals 
which, when perfect, are isometric polyhedrons, often 
with 12 diamond-shaped faces, known as rhombic 
dodecahedrons. Thero are several kinds of garnet 
differing in chemical composition. The common 
sorts are silicates of aluminum and of calcium, magne- 
sium, iron, or manganese. Garnet is a frequent prod- 
uct of contact metamorphism. 

Globulites« Tiny rounded incipient crystal forms visible 
in some volcanic glasses when they are examined in 
thin sections under a microscope. 

Gnetss (pronounced ' * nice ' * ) . A rock resembling granite 
but with its mineral constituents so arranged as to give 
it a banded appearance. Most gneisses are metamor- 
phic rocks derived from granite or other igneous rocks. 

GnelssiCy gneissoid. Having the appearance or charac- 
ter of gneiss. 

Granite. A crystalline igneous rock that has solidified 
slowly deep within the earth. It consists chiefly of 
the minerals quartz, feldspar, and one or both of the 
common kinds of mica, namely black mica, or biotite, 
and white mica, or muscovite. Some varieties con- 
tain hornblende. The feldspar is of the kind known as 
orthoclase and may be diBtinguished from quartz by 
its pale-reddish tint and its property of breaking with 
flat, shining surfaces (cleavage), while quartz breaks 
irregularly. The micas are easily recognized by their 
cleavage into thin, flexible flakes and their brilliant 
luster. 

Granodlorlte. A granitic rock closely allied to quartz 
monzonite and quartz diorite. 

Groundmass. The finer-grained part of a porphyritic 
rock, in which the laiger crystals, or phenocrysts, are 
embedded. 

Hade. The vertical angle between a fault plane and a 
vertical plane parallel with the fault strike or trend. 
The complement of the fault dip. 

Holocrystalllne. Applied to a rock composed wholly of 
crystal grains and containing no volcanic glass. 
Intrusive igneous rocks are almost invariably holo- 
crystalllne. 

Homocllne. A body of strata that dip uniformly in one 
direction. A homocline may be a tilted fault block, 
a monocline, or the remnant of an anticline or syn- 
cline of which the other limb or side has disappeu^ 
through faulting or erosion. 

Hortion. In geology, any distinctive plane traceable 
from place to place in different exposures of strata 
and marking approximately the same period of 
geologic time. The beds at a particular horizon may 
be characterized by distinctive fossils. 

Hornblende. A dark-green to black mineral silicate of 
complex and variable composition but containing 
usually considerable iron and magnesium. Usually 
in elongated or prismatic crystals. An abundant 
constituent of many rocks, especiaUy of diorite and 
andesite. In fresh rocks the mineral may show 
flashing surfaces that might lead to its being mis- 
taken for black mica (biotite). An original mineral 
in some igneous rocks but also a conmion alteration 
product of the chemically similar augite. 

Hypidlomorphlc. Nearly or not quite idiomorphic. 
See also Euhedral. 



Hypogene. Applied to ores or ore minerals that have 
been formed by generally ascending waters as con- 
trasted with supeigene ores or minerals. 

Idiomorphic. See Euhedral. 

Igneous rocks. Rocks formed by the cooling and 
solidification of a hot liquid material, known as 
magma, that has originated at unknown depths 
within the earth. Those that have solidified beneath 
the surface are known as intrusive rocks, or, if the 
cooling has taken place slowly at great depth, as 
plutonic intrusive or plutonic rocks. Those that have 
flowed out over the surface are known as effusive 
rocks, exclusive rocks, or lavas. The term "volcanic 
rocks ^* includes not only lavas but bombs, tuff, vol- 
canic ash, and other fragmental materials or ejecta 
thrown out from volcanoes. 

Ilmenite. Titanic iron ore. A hard black mineral re- 
sembling magnetite but only slightly attracted by a 
magnet. An oxide of iron and titanium. 

Induration. Hardening; especially the hardening of 
loose or soft material into firm rock or the change of 
soft rock into harder rock. 

Interference figure. A system of colored rings and 
curves combined with black bars and curves seen 
when a thin section of a mineral is examined in a 
certain way through the microscope or other suitable 
optical instrument. The interference figure is due to 
birefringence and is one of the most useful optical aids 
in identifying minerals. See also Birefringence. 

Intratelluric. Within the earth or formed within the 
earth. 

Intrusion displacement. Faulting coincident with the 
intrusion of an igneous rock. 

Irruptlve rock. An igneous rock which was forced into 
or invaded other rocks as molten magma. An in- 
trusive rock. The distinction between "imiptive" 
and "eruptive'' is often disregarded. 

Kaolinite. A white soft earthy mineral consisting of a 
hydrous silicate of aluminum and one of the chief 
constituents of clay. A common product of rock 
decay and of oxidation in veins. 

Lacustrine. Pertaining to a lake. Lacustrine deposits 
are sediments laid down in a lake. 

Limonite. A brown mineral cpnsisting of hydrous oxide 
of iron and containing, when pure, 85.6 per cent of 
iron and 14 .4 per cent of water. The mineral is earthy 
or of irregular form, never occurring in distinct crystals. 
It is the usual product left behind in the oxidation 
of p3nrite. The minerals turgite and gOthite are also 
hydrous iron oxides not always readily distinguish- 
able from limonite. They contain less water than 
limonite. 

lithoidal. Applied to those fine-grained groundmasses 
of volcanic rocks that are dull and comparatively 
opaque in consequence of the presence of minute 
crowded crystals as contrasted with those in which the 
groundmass is shining and glassy. Stony. 

litholog^e. Pertaining to lithology, or the study of 
rocks. {See also Petrology.) Pertaining to rock 
character. 

lithosphere. The rocky and interior part of the earth's 
body, exclusive of the oceans and other water masses 
(hydrosphere) and the atmosphere. 
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Littoral. Pertaining to a shore. Particularly to sedi- 
mentary deposits laid down along a shore. 

Mafic. A short substitute for ferromagnesian. Applied 
to minerals containing iron and magnesium as essen- 
tial couBtituents or to rocks composed chiefly of such 
minerab. See also Felsic. 

Magma. The fused liquid material that solidified as 
igneous rocks. If magma reaches the surface it is 
known as lava. 

Magnetite. Magnetic oxide of iron. A black opaque 
mineral almost universal as a minor constituent of 
igneous rocks and fairly abundant in some, as in 
diabase. Often recognizable only with the micro- 
scope. A valuable ore of iron in some localities. 

Malachite. The green carbonate of copper. A beautiful 
deep-green mineral occurring generally in long, 
slender crystals which may be closely crowded into 
radial sheaves or crusts. It contains about 57 per 
cent of copper and 8 per cent of water. A product of 
the oxidation of sulphides of copper. 

Massive rock. An igneous rock as opposed to a bedded 
or stratified rock. 

Megascopic, megascopieal. Large enough to be seen 
without the use of the microscope. The megascopic 
features of a rock are such as are apparent on ordinary 
inspection, as opposed to the microscopic features. 

M^aconite. The soft, earthy, mineral form of the black 
oxide of copper, containing 79.8 per cent of copper. 

Metalllzatloii. The process or group of processes where- 
by valuable metals, or minerals containing such 
metals, are introduced into the rocks. The term 
'' mineralization" is often used in this sense but is 
really more comprehensive. The formation of garnet 
in limestone, for example, is a result of mineraliza- 
tion but may have no economic significance whatever. 

Metamorphism. Any change in rocks effected in the 
earth by heat, pressure, solutions, or gases. A com- 
mon cause of the metamorphism of rocks is the intru- 
sion into them of igneous rocks or, more accurately, 
of magma. Rocks that have been so changed are 
termed metamorphic. 

Miarolitlc. Applied to cavities lined with projecting 
crystals of quartz and feldspar that occur in some 
granitic rocks and were formed during the cooling 
and crystallization of the magma into rock. 

Microcllne. A potassium feldspar of the same composi- 
tion as orthoclase and of nearly identical appearance, 
but crystallizing in a different crystal system. 

Micropegmatitlc texture. A microscopic inteigrowth 
of two minerals, especially of quartz and feldspar, in 
which one mineral contains particles of the other 
arranged in a more or less regular pattern which, 
from its fancied resemblance to certain ancient in- 
scriptions, has been called also "graphic" texture. 

Microperthlte. A microscopic inteigrowth of the two 
feldspars orthoclase and albite in a certain regular 
way. 

Monocline. A simple bend in bedded rocks which is 
equivalent to one side of an arch or sag. Usually a 
monocline appears as a steplike flexure in nearly 
horizontal beds and may pass into a break or fault in 
one direction and gradually die out in the other 
direction. Monocline is a less general term than 
horaocline. See also Homocline. 



Monionlte. An intrusive igneous rock of general 
granitic appearance but containing a larger proportion 
of calcic feldspar than granite. There is commonly 
quartz present and the rock is then a quartz mon- 
zonite. Quartz UMnzonite is intermediate in com- 
position between granite and quartz diorite. 

Muscovite. The common white mica abimdant in many 
granites and schists. A complex silicate chiefly of 
hydrogen, potassium, and aluminum. 

Norm. A theoretical and in part arbitrary mineral com- 
position of a rock, calculated, in accordance with 
certain rules, from the chemical analysis, for the 
purpose of assigning the rock its place in the norm 
system of rock classification. The norm rarely coin- 
cides with the real mineral composition, or mode, of 
a rock. 

Norm system. A system of classification and nomen- 
clature for igneous rocks based on the norm (which 
see) of each rock. Only undecomposed rocks of 
which accurate chemical analyses are available are 
classifiable in this system, which consequently is 
more used in detailed petrologic studies than in 
ordinary geologic or mining work. The system was 
devised by Messrs. Cross, Iddings, Pirason, and 
Washington, who designated it originally "the quanti- 
tative system" and later the "C, I. P. W. system.*' 
It has also been referred to as the " American system. " 

Oligoclase* One of the plagioclase group of feldspars 
containing much more sodium than calcium. Com- 
mon in igneous rocks of the granite and quartz diorite 
groups. 

OllTine. A dark yellowish-green silicate of iron and 
magnesium common in certain dark igneous rocks, 
particularly in basalt and diabase. Not as a rule in 
well-formed crystals and often recognizable only with 
the microscope. Decomposes readily to the mineral 
serpentine. Also known as chrysolite and peridote. 

Ophitic texture. The characteristic texture of diabase 
and closely related rocks in which the feldspar crystals 
have fairly complete crystal boundaries, and the 
augite fills the angular spaces between them. 

Orthoclase. The common potash feldspar. A conunon 
constituent of granites. Usually white to reddish. 
Splits or cleaves so as to give smooth, shining surfaces. 

Outcrop. That part of a rock that appears at the surface. 
The appearance of a rock at the sur&ce or its projec- 
tion above the soil. 

Peneplain. The nearly level Bur&u:e to which erosion 
in time reduces a mountainous region, provided the 
land does not rise or sink during the process of wearing 
down. 

Petrography. The branch of science that deals with the 
description of rocks; in practice especially the igneous 
and metamorphic rocks studied with the aid of the 
microscope. 

Petrology. The general study of rocks, with special 
reference to their origin and broader relations. In 
current usage the term applies particularly to the 
problems relating to igneous and metamorphic rocks. 

Phenocrysts. The larger crystals of a porphyritic 
igneous rock that are distinct from the ground mass or 
fine-grained portion. 

Phlogoplte. A mica closely related to biotite but con- 
taining less iron and of lighter color. 
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Plagtoclase. A convenient deeignation for the feldspars 
coDsisting chiefly of silicates of sodium, calcium, and 
aluminum as opposed to those consisting chiefly of 
potassium and aluminum silicates. The name has 
reference to the ohiique character of the cleavage of 
these feldspars aa compared with orthoclase, the com- 
mon potassium feldspar. 
Pleochrotc. Possessing the property of pleochroism. 
Pleoehrolsm. The property possessed by some minerals 
of showing different colon or different tints of the 
same color when rays of light (polarized light) are 
passed through them in a certain way in different 
directions. A useful optical aid in the identification 
of minerals. 
Polkllltle texture. That texture in an igneous rock pro- 
duced by the inclusion in one mineral grain or crystal 
of many particles of another mineml. The structure 
may be compared to chips of wood frozen into a 
block of ice, the chips having their grain running in 
various directions. 
Porphyrttlc. Having the textiure of a porphyry. 
Porphyry. Any igneous rock in which certain crystals 
(phenocrys.b) are distinct from a fine-grained matrix 
(groundmass). 
Protore. Low-grade material which by natural pro- 
cesses of enrichment is convertible into ore; as, for 
example, the so-called primary ore of the disseminated 
copper deposits, containing generally less than 0.5 
per cent of copper. 
Pyrlte. The &uniliar pale-yellow mineral sulphide of 
iron containing theoretically 46.6 per cent of iron 
and 53.4 cent of sulphur. The common crystal forms 
are cubes, octahedrons, 12-Bided solid figures with 
5-eided faces (pentagonal dodecahedrons), or com- 
binations of these. Often without complete crystal 
form. 
Pyroclastlc. Applied to rocks made up of igneous rock 
fngmenta produced by explosive volcanic action. 
Tuffs and volcanic breccias are pyroclastic rocks. 
Pyroxene. A laige and abundant group of minerals of 
which members occur in igneous and metamorphic 
rocks. They are silicates of a wide range of composi- 
tion and color but all closely related in crjrstal form. 
Augite, diopside, and wollastonite are pyroxenes. 
Qaartxite. A rock composed of sand grains cemented by 

silica into an extremely hard mass. 
Khyottte. A lava, usuaUy of light color, corresponding in 
chemical composition to granite. The same molten 
liquid that at great depth within the earth solidifies 
as granite would, if it flowed out on the surface, cool 
more quickly and crystallize less completely as 
rhyolite. 
Kttgose corals. Fossil corals belonging to the extinct 
order Rugosa and resembling a ribbed cornucopia in 
shape. 
ftutUe. Oxide of titanium in crystals, usually small and 
of various colors. Occtus commonly only as a minor 
microscopic constituent of rocks. 
Sanldlne. A clear variety of orthoclase occurring in 

Bome siliceous lavas. 
°*proUte, Decomposed or disintegrated rock in place. 
Saprolite may retain the general appearance of the 
original rock, save usually for more or leas change in 
color, but is so soft as to be easily picked or shoveled. 



Schist. A rock which by subjection to heat and pres- 
sure within the earth has undergone a change in the 
character of the particles or minerals that compose it 
and in which these minerals are arranged in such a 
way that the rock splits more easily in certain direc- 
tions than in others. A schist has a crystalline grain 
roughly comparable with the grain of a piece of wood. 
The distinction between a schist and a gneiss is some- 
times difficult to make, but in general the layers of a 
gneiss differ from one another in mineral composition 
and the rock does not split as freely and evenly as 
schist. 

Sedimentary rocks. Rocks formed by the accumula- 
tion of sediment in water (aqueous deposits) or from 
air (eolian deposits). The sediment may consist of 
rock fragments or particles of various sizes (conglom- 
erate, sandstone, shale); of the remains or products of 
animals or plants (certain limestones and coal); of the 
product of chemical action or of evaporation (salt, 
gypsum, etc.); or of mixtures of these materials. 
Some sedimentary deposits (tuffs) are composed of 
fragments blown from volcanoes and deposited on 
land or in water. A characteristic feature of sedi- 
mentary deposits is a layered structiure known as bed- 
ding or stratification. Each layer is a bed or stratum. 
Sedimentary beds as deposited lie flat or nearly 
flat. 

Sempatte. Descriptive term applied to porphyritic 
igneous rocks to indicate that the total volumes of 
phenocryst and groundmass are nearly equal. 

Sertelte. A small-scaled variety of the common white 
mica, muscovite. 

Serpentine. A mineral silicate of magnesium containing 
considerable combined water. Generally some shade 
of green or yellow. A common alteration product of 
olivine and other magnesium-bearing silicates. Oc- 
curs in various forms from microscopic fibers in other 
minerals or rocks to extensive rock masses consisting 
almost wholly of this mineral 

Shale. A rock consisting of hardened fine mud deposited 
in thin layers that may be split apart. 

Sherd. A fragment of pottery. In petrography applied 
particularly to the characteristic crescentic or cuspate 
particles into which volcanic glass is sometimes blown, 
while stiU hot, by the expansive force of included 
gases. The glass particles of tuff often show such 
cuspate outlinea 

Sill. A sheet of igneous rock intruded in an attitude 
more nearly horizontal than vertical and as a rule be- 
tween beds of sedimentary rock. 

Slllimanlte. Same as fibrolite. See Fibrolite. 

Slate. A rock that by subjection to pressure within the 
earth has acquired the property of splitting smoothly 
into thin plates. The cleavage is smoother and more 
regular than the splitting of schist along its grain. 

Solute. That which is dissolved in a solvent as the 
sugar in a cup of coffee. 

Sphalerite. Zinc blende, the common crystallized min- 
eral sulphide of zinc. A black, brown, or yellow 
mineral of resinous luster which splits (cleaves) into 
pieces having very smooth, even, and shining flat sur- 
faces. Zinc blende contains 67 per cent of zinc and 
33 per cent of sulphur. It is one of the chief sources 
of zinc. 
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Spherulites. Ball-like bodies, especially common in 
some volcanic glasses, fonned by the growth of radial 
clusters of crystals within the glass. They vary in 
size from pellets like small shot to balls several inches 
across. 

Stratigraphy. The branch of geology that deals with 
the order of deposition and regional relations of the 
strata of the earth's crust. 

Strike. The direction along which a vertical or inclined 
lock layer, vein, or fissure would meet the earth's 
surface if that surface were level. The outcrop of a 
bed or dike on a plain is coincident with its strike. 

Structure. In geology, the forms assumed by sedimen- 
tary beds and igneous rocks that have been moved 
from their original position by forces within the earth, 
or the forms taken by intrusive masses of igneous rock 
in connection with effects produced mechanically on 
neighboring rocks by the intrusion. Folds (anti- 
clines and synclines) and faults are the principal 
effects considered under structure. Schistosity and 
cleavage are also structural features. 

Subhedral. Applied to a crystal that is only partly 
bounded by crystal planes. Same as hypautomorphic 
or hypidiomorphic. 

Supergene. Applied to ores or ore minerals that have 
been formed by generally descending water. Ores or 
minerals formed by downward enrichment. 

Synellne. An inverted arch of bedded or layered rock 
suggestive in form of a canoe. The term relates to the 
structure of the beds, not to the sur&ce of the land. 

Talus (pronounced tay^us). The mass of loose rock frag- 
ments that accumulates at the base of a cliff or steep 
slope. 

Tectonic. Pertaining to structure. A tectonic feature 
on the earth's surface is one due to rock movements as 
opposed to a feature produced by erosion or deposition. 

Terrace. A steplike bench on a hillside. Most terraces 
along rivers are remnants of valley bottoms fonned 
when the land was lower or when the stream flowed at 
higher levels. Other terraces have been formed by 
waves. Some terraces have been cut in solid rock, 
others have been built up of sand and gravel, and still 
others have been partly cut and partly built up. 

Thin section. A fragment of rock or mineral ground to 
paper thinness, polished, and mounted between 
glasses as a microscopic slide. Rocks and most min- 
erals, except the oxides and sulphides of the metals, are 
translucent to transparent in thin section, and the 
optical properties of each mineral can be studied with 
the microscope. 

Thullte. A pink mineral of the epidote group, which 
owes its color to the presence of manganese. 

TItanlte. A crystalline mineral composed of titanium, 
calcium, silicon, and oxygen (a titanosilicate of cal- 
ciimi). A fairly common but rarely abundant con- 
stituent of some granitic igneous rocks. Oenerally 
yellow or brown with waxy luster. Can frequently 
be recognized without the aid of a lens. 

Tourmaline. A complex mineral silicate of boron and 
aluminum with other constituents. Commonly in 
black prisms with curved triangular cross sections. 
A microscopic constituent of some of the Pinal schist. 



Transportation. In geology, the shifting of material 
from one place to another on the earth's surface by 
moving water, ice, or air. The carriage of mud and 
dissolved salts by rivers, the i>asBage of a dust-laden 
whirlwind across a desert, the inland march of sand 
dunes from a sea shore, and the creeping movement 
of rocks on a glacier are all examples of transportation. 

Trichltes. Hairlike incipient crystal forms visible in 
some volcanic glasses when examined in thin section 
under the microscope. Trichites are fonned by the 
aggregation of globulites. See also Globillite. 

Tuff. A rock consisting of a layer or layers of lava par- 
ticles blown from a volcano. A fine tuff is often 
called volcanic ash, and a coarse tuff is called breccia. 

Tuffaceons. Having the character or appearance of a 
tuff. 

Tuff-breccia. A stratified tuffaceous rock in which the 
fragments are angular and larger than in a tuff. 

Type locality. The place at which a formation is typi- 
cally displayed and from which it is named; also Uie 
place at which a fossil or other geologic feature is dis- 
played in typical form. 

Unconformity. A break in the regular Buccession of 
sedimentary rocks, indicated by the fact that one bed 
rests on the eroded surface of one or more beds which 
may have a distinctly different dip from the bed above. 
An unconformity may Indicate that the beds below it 
have at some time been raised above the sea and have 
been eroded. In some places beds thousands of feet 
thick have been washed away before the land again 
became submeiged and the first bed above the surface 
of imconformity was deposited. If beds of rock may 
be regarded as leaves in the volume of geologic history 
an unconformity marks a gap in the record. 

Uniaxial. Applied to crystals whose molecular structure 
has the highest possible grade of symmetry with refer- 
ence to one crystal axis. In the direction of this 
axis both beams into which a ray of ordinary light is 
split on enteiing the crystal travel with the same 
speed and consequently emerge withoutbirefringence. 
Quartz is uniaxial. 

Uralltlcatlon. The change of the mineral augite into 
the green fibrous variety of the mineral hornblende. 
The change is often due to weathering but may be a 
result of more intense metamorphism. . 

Yeln. A mass of mineral material that has been deposited 
in or along a fissure in the rocks. A vein differs from 
a dike in that the vein material was introduced grad- 
ually by deposition from solution, whereas a dike was 
intruded in a molten condition. 

Yersant. One side or slope of a mountain range, as the 
east versant. 

Yesuvlanlte. A green, yellow, or brown mineral, gen- 
erally in short, square prismatic crystals occurring 
characteristically in limestone where altered by the 
heat and emanations from an intrusive rock. Vesu- 
vianite is a silicate of calcium and aluminum. 

Yltrophyrlc. Applied to that structure in lavas in 
which the larger crystals or phenocrysts are embedded 
in a volcanic glass. 

Yolcanic glass. Lava that has cooled and solidified 
before it has had time to crystallize. 
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Yoleanie rocks. Igneous rocks erupted at or near the 
earth's surface, including lavas, tuffs, volcanic ashes, 
and like material, which are also classifiable as sedi- 
mentary rocks. 

Weathertng. The group of processes, such as the chem- 
ical action of air and rain water and of plants and 
bacteria and the mechanical action of changes of tern, 
perature, whereby rocks on exposure to the weather 
change in character, decay, and finally crumble into 
soil. 



WoUastontte. A white mineral of the pyroxene group 
consisting of silicate of calcium. A common product 
of the metamorphism of limestone by intrusive 
igneous rocks. Often in aggregates of flat prismatic 
crystals without distinct crystal planes or faces. 

Zircon. The mineral silicate of zirconium. A fairly 
common but nowhere abundant microscopic constit- 
uent of many igneous rocks, especially of the granitic 
rocks. 
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showing 42 

Pioneer shale , deposition of 48 

distribution of 106,124 

genesis of. 85 

nature and thickness of 40 

Porphyry, monzonitic and granitic , relation of ore bodies to 166 

variation of molecular constituents In, diagram showing 66 

Porphyry protore, mineral composition of 161 

tenor of , in copper 168 

Post-Paleozoic rocks, nature and distribution of 51-75 

Pre-Cambrian granite ofthe Tortilla Range, plate showing 56 

PreCambrian rocks, nature and distribution of 32-38 

Probert, Frank H., on ore reserves of the Ray Hercules mine 150 

Production of the districts 11,21-22 

Protore, analyses of 159-161 

copper content of. 157-158 

definition oL 156 

deposition of 166-109 

geologic age of. 109 

Publications on the region 22-25 

Pyrite, occurrence and replacement of. 135-136, 162 

shatter structure in 162-163 

Quartz, occurrence of. 136 

sttingers of, indication of ore from 177 

Quartz diorite, contact metamorphism effected by 58-50 

distribution of 57-68 

occurrence of 126 

petrography of 58 

plate showing 56 

Quartz diorite iwrphyry, distribution of. 64 

metamorphism effected by 66-67 

petrography of 64-66 

plate showtag 64 

Quartz-mica diorite, comi>osition of 37-38 

Quartz monzonite. See Lost Oulch monzonite. 

Quarts monzonite porphyry, distribution of. 61-62, 120 

metamorphism effected by 63 

petrography of 62-63 

plate showing 62 

Quaternary time, erosion in 89 
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R. Page. 

Railroad and stage routes to Ray and Miami 15 

Ray Central Copper Mining Co., operations of 18,19 

Ray Central mine, country rocks of 150-151 

Ray Consolidated Copper Co., mines of, map showing general 

plan of development of 102 

mines of, ore body of 146-147 

ore in, depth to 147 

tenor of 163 

ore reserves of 106,106 

oxidized material in, thickness of. 140 

production of. 22 

stoping practice in 104 

tfdatment of ore from 104-106 

workings of 102-104 

No. 1 mine of, plan of first level of. 104 

operations of 18-19 

organization and property of 100 

property of, exploration of, by drilling 101 

Ray Copper Co., operations of. 17 

Ray Copper Mines (Ltd.), operations of 17-18 

Ray district, disseminated cupper ores from, plate showing 162 

general view of, plate showing 122 

geologic map and sections of. 124 

ore bodies of, relation of, to country rocks 149-151 

protore of, richness oL 157-158 

Ray fault, structural importance c f. 127-130 

Ray Hercules Copper Co., mine of, country rocks of 150 

operations of 101 

ore reserves of 106,106 

property of, fault in 155 

Ray oro area, topography of, plates showing 123 

Ray region , geologic map of 26 

Recent deposits, origin and distribution of 74-75 

Red Hills, rocks of 124 

Rings, diffusion, in Troy quartzite, plate showing 54 

Rock, brilliant coloring of, indications from 164,177 

Rust color, indication of copper d0|>osits fronnk 177 

Rutile, occurrence of 136 

S. 

^0/t River, section of Paleozoic rocks on 49-50 

%mpllng, imi>ortance of, in disseminated ores 92 

Scanlan conglomerate, deposition of 48 

genesis of. 85 

nature and distribution of 39-40, 108, 124 

Schallcr, \V. T., analyses by 47,66,67,140 

Schist protore, mineral composition oL 158-161 

tenor of, in copper 168 

Schultze claims, prospecting on 91 

Schultze granite, distribution of 59,108 

granite porphyry facies of, plate showing 62 

petrography of 59-61 

relation of, to oro bodies 149-151 

shape and size of masses of 1 10-1 1 1 

topographic expression of. 107 

Scott Mountain, altitude oL 122 

Section from Gila River through Tarn o' Shanter Peak and £1 

Capitan, plate showing 78 

Section from the Tortilla Qange to the Globe Hills, plate showing. . 78 
Sections, columnar, of the rocks of tlie Globe-Ray district, plate 

showing 60 

Sericite, occurrence of 137-138 

Sharkey ftiult, features oL 154, 165 

trend of 130 

Silver, native, oocurrenoe of 138 

production of 21,22 

Smelting, method of. 100 

Solutions, hypogene, nature of 166-167 

South Live Oak I>eveIopment Co. , prospecting by 91 

Southwestern Miami Development Co., prospecting by. 91 

Spencer, A. C, cited 189-170 



Sphalerite, occurrence of 134-135 

Spurr, J. E., cited. i27 

Stanton, T. W., fossils determined by 56 

Steiger, George, analyses by. 35,36,58,67,150 

Stokes, H. N. , analysis by 35 

Stoping, methods oL 97-98»104 

Structure, influenoe of, on enrichment 174-175 

influence of, on primary metallization 167-168 

of the districts. 75-81 

of the Mfauni district 109-120 

of the Ray district 127-130 

Sulphates of copper, act ion of, in enrichment 171 

Sulphide fault, direction of 117 

Sulphur dioxide, influence of, on enrichment 176 

Sun fault, features of. 154-155 

trend of 130 

Sur&oe, altitude of, at time of primary mineralization 168-1619 

T. 

Tam o'Shanter Peak, section from Gila River through, plat« show- 
ing 78 

Teapot Mountain description oL 122 

Teapot Mountain porphyry, distribution of 126 

petrograph y of 62-63 

Terrace, alluvial, remnants tf, near Ray, plate showing 76 

Terrace on Mineral Creek, plate showing 76 

Tolman, C. F., j r., cited 127 

Tonto group, correlation of 49-51 

Topography of the Miami district 107 

map showing. 90 

Topography of the Ray district 122 

Tornado limestone, fossils in 47-48 

genesis ot 86-87 

nature and thickness of 47-48 

Tortilla Range, description of 28 

dlorite intruded in 53 

origin ot 83 

section from, to the Globe HilLs, plate showing 78 

structure of 82 

Tourmaline, occurrence oL 137 

Troy quartzite, cross-bedded pebbly, plate showing 45 

deposition of 49 

genesis ot S6 

nature and thickness of 44-45 

overthrust on diabase and Dripping Spring quartzite, plate 

showing. 78 

V. 
Valleys, origin of 75,82-84 

Vegetation, kinds and distribution of. 29 

W. 

Warrior Copper Co., property oL 91-92 

Warrior mine, faulting In 120 

workings of 96 

Water from mine, analysis oL 141 

Water from rivers, analyses of. 142 

Water supply of the districts 28-29 

Water table, relation of, to enrichment 176,177 

Webster Gulch, flow of. 107 

Wells, R. C, analyses by 35,43,62, 63,66,67, 141, 159 

cited 143 

Whitetail conglomerate, deposition of 67-68 

distribution of 126 

exposure of, plates showing 6g 

genesis oL 88 

relation of, to time of enrichment 173-174 

superposition of, on eroded granite 172 

Williams, H. S., fossils determined by 46 

Willow Spring granite, nature and distribution of 52-58, 106 

Z. 
Zircon, occurrence oL jgf 
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